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SECTION I

INTRODUCTION AND BACKGROUND

This report presents the results of a joint investigation conducted
by the Vulnerability Assessment Branch (CLYV) of the Air Force Armament
Laboratory and the University of Florida. The University gave araiytical
support to an experimental program conducted by OLYV/AFATL at Eglin Air
Force Base.

The sipport included reviewing the proposed soil penetration experi-
ments, reconmnending changes, participating in sone of the experiments at
Eglin, making independent laboratory invostigations at the University of
several types of sensors and of ultrasonic wave speeds in sand, extensive
data analysis of the Eglin Experiments, study of existing terradynamic
penetratior models, mcdifi'atlon of the models and application of them to
t0e interpretation of the Eglin experiments.

The study of the mechanice of high speed earth penetrators, includirg

predictions of trajectory, depth of' penetration, cavity formation, stability,
and target. interaction has in recent years been given the name of terra-
dynemics. While this area of study has been Investigated since the early
18th century, technological barriers have hindered experimental programs in

assessing models advanced for characterizing penetrator perfcr.-ance. The
principal difficulty encountered has baen the unavailability of experimental
tools for examining the sequential motion of a vehicle passing through
opaque loose and/or semicohesive media.

A recent review of the State of the Art of Earth Penetration Te-hnology
by Triandafilidis (Reference 1) has categorized predictive penetration tech-
niques as semi-analytical, analytical, theoretical, and empirical models. The
first technique, which includes the classical penetration models based upon
Newtonian mechanics, st.ch as Poncelet (Reference 2), requires experimental
data for evaluation of the important penetration constants. So-called akialy-
tical techniques, which include the Cavity Expansion (References 3 through 7)
and Differential Force Law Models (Reference 8), rely upon knowledge of
constitutive target miterial pr-perties. The theoretical models proposed
(References 9 through 11) are bgsed upon continuum mechanics formul3tions
describing the penetrator and target, and rely upon finite difference and
finite element Lomptiter codes as solution techniques. Finally, empirical
techniques baeed upon extensive laboratory and field testing have been
introduced with the most ixtensive work in this area developed at Sandia
Laboratories (References 12.13). Additional background on the experimental
program is presented in Section II.

The purpose of the experimental program at Eglin was to ootain more

complete transient records of the penetration events than previous iavcsti-

gators had obcained in order to provide insight Into the actual phjsi'-al
mechanisms involved, which could lead to better cerradynamic pert '.-ation
models for oredicting trajectories, penetration depths, and the t rces acting
on the p.ojectile. In the test program, tive ccnsecutively spact X-ray
units have been used to visually record the transient position o' several
penetrators. Nonspinning projectiles of stable configuration with various
nose shapes have been tested in dry and usturated sand at three Impact
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velocities with near zero impact obliquity. This to believel to be the
most extensive use ever made of flash radiography In terradynamic research.
In addition to the X-ray units, velocity coil se..4 rs have been used as
monitoring devices io conjunction with a magnne,- tape recording system.

The experimental setup at Eglin and aome oa zhe e:.periments at the
University on sensors are described in Section 11 after a short background
account of orevious experimental studies. Dcf~a from the Eglin tests are
described in Se.'tion III, with detsils tabulated in Appendix A. Analysis
of the daLa by classical semi-analytical penetration models and empirical
methods is present-d in Section IV. The analytical technique based on the
spherical cavity expansion technique is discussed in Section V and applied
to the Eglia experiments. In Section Vi a three-dimensional terradynamic
model is developed and applied. Sound speed measurements are reported in
Section V11 and a summary of the conclusions is given in Section VIII.
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SECTION II

EXPERIMENTAL EQUIPMENT AND PROCEDURES

2.1 INTRODUCTION

Penetration experiments were performed by firing projectiles
horizontally into sand targets contained in specially designed test
chairbers. After some preliminary tests with 0.50 caliber and 20mm
standard rounds, the major part of the investigation used modelled
20mm projectiles fabricated both at the AFATL and at the University
of Florida. These projectiles were ,-ylinders 0.02 meter in diameter
by 0.22 to 0.24 meter in length. Three specific nose shapes were in-
vestigated: biconic, flat ended, and step-tier. Some of the biconic
and step-tier projectiles had a hollow aftexbody.but the najority of
the results were obtained using solid projectiles.

Various sensing methods were investigated to determine as much as
possible about the projectile's position and orientation, the shape of
the cavity formed around the projectile, deformation patterns and forze
distributions in the sand, and shock waves ahead of the projectile.
The most successful senving method was flash radiography. In the :-
mary test program five X-ray heads were fired sequentially with delay
times set to record projectile position as it moved through a 1.2-meter-
long test chamber. The primary test program was planred to include firings
of two projectile types (flat and step-tier projectiles) at three diff-
erent velocities (approximately 210,320 and 400 m/sec) In dry sand and in
saturated sand, with four replications of each type of shot, and five X-
ray pictures taken in each shot. This program was completed successfully.
Results of these tests are presented in Section 111, along with a few
examples of other projectile types.

Besides giving a more certain indication of projectile trajectory
and attitude than any other sensing method, the X-rays give a good indi-
cation of the position on the projectiles where the sand separatns to form
a cavity, and can show also the reattachment point on the afterbody as the
projectile slows down. In the primary test program the X-rays showed that
reattachment seldom occurred in the 1.2 meters of the trajectory observed.

The X-rays also revealed a detached bow wave in some cases (notably
the higher-speed impacts in dry sand). The bow wave is a density discon-
tinuity moving with the projectile, resembling the detached shock wave
ahead of a supersonic aircraft. The X-ray method was emphasized because it
was the only method known that could give transient information about
separation and about the shock wave shape and density gradients. Other
types of sensors envisioned for use in the test program were investigated
to complement the X-ray technique or to be used in case the X-ray equip-
ment was not available.

Some of the sensing methods investigated at the University were
microwaves, breaking wires, and magnetic sensors. The microwave technique
was considered as an alternative to the X-rays for continuous position
monitoring, but it was not used in the experimetits at Eglin, since the X-ray
equipment was available. Various breaking-wire sensors and velocity screens

3
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were used at Eglin, and the magnetic sensing method was used extensively
both in the primary ;eat progrim and in the preliminary testing before
the X-ray system was fully developed. A pressure transduceu in the floor
of the tesystemha asefa ldtraIn gaged on the walls were anlso used in at-
tempting to build a complera data base.

The general set-up for the primary test program at Eglin and the
flash X-ray method are described in paragraph 2.3 after a brief review
in paragraph 2.2 of some previous terradynamit experiments. )ther sensors
used in or examined for the test prouram art discussed in paragraph 2.4.

2.2 BACKGROUND

Until fairly recently the only experimental data available on
ballistic penetration of soils ctonsisted of tabulations of striking
velocity Vo versus final penetration distance S. Comparisons of the
plots of S vcrsus Vo with integration of assumed force laws, e.g., of
the form

-dV/dt - cV 4+ 0V + y

could in principle determine the coefficients for such laws. The scatter
in the data because of variations of in situ soil properties or because
of tumbling or other unstable projectile behavior made conclusions from S
versus Vo data difficult ta draw.

In 1957 Allen, Mayfield, and Morrison (Reference 14) reported what
were apparently the first laboratory investigations to record projectile
transient motion. They used a photographic-electronic chronograph to re-
cord the successive breaking of copper grid wires located 0.1 meter apart
along the trajectory and were able to obtain better determination of force
law coefficients then could be obtained from final penetration depths alone.

This brief discussion will not attempt a complete historical account
of penetration experiments, but will mention a few of the more recent in-
vestigations that have obtained transient. data. Some additional historical
ihformation is given in References I and 14 through 16 and in a 1972 survey
f the state of the art by HcNeill (Reference 17), which also gives a bibli-

ography. A more extensive bibliography has been prepared by Triandafilidis
(Reference 1), and a 1974 annotated bibliography (Reference 18) lists Sandia
Laboratories Publications related to Tarradynamics.

According to McNeill, significant strides in penetrator system
technology began at Sandia in 1961 wtth penetrators 2.4 to 3 meters in
length and 0.23 to 0.46 meter ii. diameter, with masses on the order of
450 kilograms, delivered by ground-launched rockets or by airplanes.
Some of these tests used on-board accelerometers and telemetered data.
Since that time, the accelerometer-carrying air-dropped penetrometer has
been developed into a practical tool Lor rapid survey of subsurface soil
properties. Wood (Reference 19) has discussed instrumentation and tele-
metry. Trailing utres have also been used for air gun projectiles at speeds
up to 120 m/sec (Reference 19), Murff and Coyle (Reference 20) have ob-
tained deceleration-time records for impact at speeds up to 90 m/sec into
three soil types (compacted kaolin clay, dense Ottawa sand and a mixture of
kaolin clay and sand). Projectiles varied from 38 to 76 millimeters in dia-
meter and had masses ranging from 1.4 to 52 kilograms.

4



A microwave monitoring system was developed at the University of New
Mexico. Its use was reported in a Ph.D dissertation in X965 by Hakala (Refer-
ence 15). The technique showed considerable promiae, although qý.estions of
how long a path could be monitored and whether the technique could be used
in moist soil were not addressed.

Successful use of flash radiography in soil beginning in 1974 was re-
ported by Culp et al (References 21, 22). Their later work in clay showed
the existence of a detached Lhock wave. Color enhancement techniquer of
the X-rays revealed density variations. An automatic scannirB and image
storing and processing tecbnique was used. One significant result of
the scanning technique was the discovery that the soil cavity around the
projectile seemed to be larger than it had appiared in visual inspection
of the radiographb. Flash radiography in soil had beer used earlier (Ref-
erence 23), but few detaile about it have been made public.

Although transient trajectory measurements were not made, the share
of the trajectory was revealed by post-test excavation in a 1973 Master's
Thesis by Biele (Reference 24), which investigated the stability of scaled
model projectiles of various nose types. Initial angles of impact were
revV.led by yaw cards, and plots of lateral deflection versus penetration
distance were made for various initial angles. Even with quite small ini-
tial angles (1-2 degrees) lateral deflections of as much as 0.15 meter were
observed in a penetration distance of i.06 meters.

2.3 SETUP OF PENETRATION EXPERIMENTS AT EGLIN

The test setup used in collecting the data base for analysis was devel-
oped in an evolutionary manner. Several sensing devices, projectile shapes,
and velocity regimes were studied before the basic elements of the primary
test matrix were investigated. Details of these techniques are given else-
where in this section and principal attention is focused upon the test
assemblage as used in the March and April 1976 test program. The primary
test matrix is shown below with the complete matrix described in paragraph 3.2.

TABLE 1. EXPERIMENTAL TEST MATRIX SHOT NUMBERS
Projectile Target Velocity

Type 210 m/sec 320 m/sec 400 m/sec

Flat Nose Dry Sand 15,16,17, 18,19 20,22,23,24 14,25,26,27,29

Flat Nose Wet Sand 70,71,72,73 36,37,38,74,81 76,82,83,84

Step Tier Dry Sand 52,53,54,55,57 56,58,59,61 62,63,64,65

Step Tier Wet Sand 42,43,44,45 39,40,41,49 50,51,68,69

5



The flat-nose projectiles used in these experiments were solid
cylinders 0.0198 meter in diameter by 0.225 meter long. For the step-
ýIer projectiles the afterbody was a cylinder of 0.0198 miter diameter
amd 0.232 meter length, with a cylindrical nose 0,0095 meter in diameter
and 0.0065 meter long. The material used for the projectilej wee a high
carbon content steel drill rod, supplied in rod form wlih nominal dimen-
sions of 0.02 meter in diameter and I meter long. For specimens made at
the University an AISI-WI water quenched bar atock was used, while for
srecimens fabricated at the AFATL, AISI-01 oil quenched bar stock was used.
Three of the projectiles used in the Eglin penetration experiments are
shown in Figure 1. In addition to the two projectiles described above,
the photograph shows a shorter flat-nosed projectile, length 0.152 meter,
used for some later tests.

In the Eglin experiments the projectiles were fired horizontally into
a test chamber consisting of an open-top box of nominal dimensions 0.15
meter wide by 0.40 met3r high and 1.2 meters long. The side walls and
floor of the box were made of 0.0023 meter aluminum sheet framed by steel
brackets and mounted on a flat woodwn table platform as show, in Figure 2."
The ends of the test chamber were closed by fiber board that was easily
penetrated by the projectiles. The test chamber was backed up by a large
open-topped wooden box fitted with vertical slots to accommodate partitions.
The partitions were used to fill the box with varying amounts of sand in
order to contain the projectiles fnr re-use in the various velocity regimes
tested.

The boxes were filled with Eglln sand that had been sieved with a U.S.
Standard Sieve Series No. 25 sieve to remove large debris, but not sieved
to a controlled size range. For the dry sand tests the sand was poured
slowly into the test chamber from a bucket assembly attached to an over-
head crane. The wet sand tests were for the fully saturated cordition.
For the wet sand tests the sand was first mixed with water in a container
and then shoveled into the test chamber. It was maintained in a fully
saturated condition by adjusting a flow of water into the open top to
compensate for leakage and maintain an essentially constant water level.

Standard triaxial tests were performed on two samples of the Eglin
sand. Fcr these tests the sand was first carefully dried following pro-
cedures as described in Reference 25. Each sample was tested at three
different constant values of the lateral confining pressure a (0.1962,
0.392, and 0.589 MPa) with axial compressive stress oi increaling until
failure occurred (significant increase of axial strain at constant load).
The two samples were a loose sand and one compacted by vibration before
testing. Table 2 liEts the initial density p0 and the angle of friction
determined for each sample by analysis of the triaxial data as well as the
value (O1-O3)f of the stress difference at failure for each of the confining
pressures.

The curve of a -oG versus axial strain L. for the loose sand at the
highest confining presaure will be given in Section V, where it is used
to determine the deviatoric properties for the penetration analysis by the
spherical cavity expansion theory method. Several confined uniaxial strain
tests were also performed on dry Eglin sand. These will discussed in
Sections V and VII.
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TABLE 2. TRIAXIAL DATA FOR DRY E.LIN SAND

03 (1 1'03) f

Loose Sand 0.1962 MPa 0.538 1Pa

Po 1519 kg/mr3  0.392 0.983

f- 33.40 0.589 1.447

Compacted Sand 0.1962 0.763

P- 1698 kg/mr3  0.392 1.423

*- 39.70 0.5'9 2.02

The projectiles were fired Into the test chamber with a 20Ouc gun.
Firing velocity was controlled by varying the powder load in a primed
20mm case. Striking velocity was measured by timing the interval be-
tween the breaking of two paper back velocity screens with a Terminal Bal-
listics Data Acquisition System. The start screen was 1.22 meters from
the front of the target, and the stop screen was 0.61 meter from the tar-
get. The timing signals were also recorded on a magnetic tape system and
later transferred to a pape." oscillograph record. Also recorded on the tape
was the signal from a break wire on the gun muzzle 3.54 meters from the
target.

To monitor the projectile flight path through the sand in the 1.2-
meter-long box, five Hewlett-Packard flash X-ray units were used: one
150 KV soft X-ray unit and four 300 KV hard X-ray units. They were spaced
seqventially along the horizontal, with the first unit (150 KV) located at
0.038 meter from the front of the box and the four 300 KV units spaced
0.38 meter between centers. Standoff distance for the 300 KV units was
nominally 0.55 meter. The front ends of the i5M KV unit (small cylinder)
and of one 300 KV unit (large cylinder) are visible in Figure 2.

Several types of X-ray film were evaluated in the course of the test
program, with the majority of the data recorded on Dupont Lightning Plus

* X-ray film. The film cassettes (not shown in Figure 2) were mounted on the
outside of the box opposite from the X-ray units. The film plane was

* positioned at 0.08 meter from the centerline. In the main test program
a series of metal letters (A through Q) were taped along the box, separ-
ated horizontally by approximately 0.07 meter along a line 0.20 meter
from the top of the box, to serve as markers for locating the projectile

*• position in the X-ray pictures. Some of the earlier tests used fewer
markers in the form of metal arrows. In some of the tests displacement of
the soil medium was observed by suspending 0.O015-meter steel markerb that
moved with the sand. Preshot and postshot X-ray records were made to locate
the initial and final positions of the markers.

9



Figure 3 is a photograph of the three prints made from the X-ray
negatives for Shot No. 26. The two panels on the left show the nose of the
flat-ended projectile in four successive pcaitions at the times of the sequen-
tial firing of the X-rays. The fifth one in the third panol does not show up
well in the reproduction but could be seen in the negative. The separation
angles and the cavity around the afterbody are clearly shown in three of the
positions illustrated. The aft end of the projectile is not usually visible,
since it is out of the main X-ray beam when the firing is correctly rimed
to show the nose.

A magnetic system was used to furnish supplementary velocity informa-
tion after rreliminary laboratory investigations at the University had estab-
lished the feasibility of the method. The steel proj2ctiles were mWgnetized
to a strength of about 150 gauss, as measured at the center of the nose with
a Hall-effect gaussmeter. When this magnetized projectile passed through a
0.15-meter-diameter coil mou -ed inside the test chamber a voltage signal was
generated. Four such coils .ere used in most of the Eglin tests, one on the
front of the box and three inside at distances of approximately 0.49, 0.80
and 1.09 meters from the front of the box. The positions are recorded in
Appendix A for the 26 shots for which the magnetic sensor data were analyzed.
The projectile can be seen passing through two of then in the X-ray picture of
Figure 3. Each sensing coil as formed with 40 turns of copper wire, forming
a rim about 0.004 meter thi' . Tie voltage signals were recorded without any
preamplification on the magi cic tape recording system and later transcribed
to an oscillograph reco.rd. ie records indicated voltage peaks of the order
of 40 to 80 my in tests witt initial impact velocities around 20G m/sec. Some
recovered projectiles showed a residual magnetic strength at the ncse of
around 20 percent of the value before firing.

Laboratory tests were made at the University on smaller diameter pro-
jectiles fired from an air gun. The time when the projectile nose arrived at
the plane of the coil was precisely determined with a light beam. Comparison
with the time of the peak voltage output showed that in tests with a coil
formed by two parallel wires 0.025 meter apart the peak voltage occurred pre-
cisely as the nose passed through the loop. With a 0.165-meter-diameter coil
a discrepancy was noted, indicating that the nose of the 0.215-meter-long by
0.0095-meter-diameter projectile has advanced approximately 0.021 to 0.027
meter beyond the coil plane when the maximum voltage was observed for the low-
speed shots in air (20 to 35 m/sec). Since a comparable direct check could not
conveniently be made with the larger diameter projectiles used in the Eglin
experiments, an indirect check was made by statically mapping the radial com-
ponent of the magnetic field.

The mapping was first made for the laboratory projectiles to see if it
agreed with the laboratory dynamic meaau .:ments. At a radial distance of 0.09
meter from the projectile axis the peak radial magnetic field occurred at a
distance of 0.021 meter back of the plane of The nose, in approximate agree-
ment with the discrepancies noted above. Similar mappings of one flat-nosed
and one step-tier solid projectile of the type used in the Eglin experiments
showed tha#t the maximum radial component of the magnetic field occurred at
distances of 0.020 meter and 0.02? meter respectively, back of the nose tip
plane when measured at a radial distance of 0.086 meter from the projectile
axis. This indicates that the maximum response should occur when the pro-
Jectiles have penetrated some 0.02 aeter through the plane of the sensor coil,

10
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ass~ming a circular undeformed coil and a straight horizontal flight path
through the center of the coil. Possible sources of additional error are
imprecise measurement of the coii locations and especially of the time of
the peak response, since with coils this large the response curve does not
show a very sharp peak.

2.4 OTHER SENSORS USED OR TESTED

2.4.1 Breaking-Wire Sensors

Both wire-grid and coated paper or plastic velocity screens are widely
used to time the airborne part of a ballistic test. They have also been used
buried in soil targets or sandwiched between slabs of rock or concrete. Be-
cause it was believed that the standard wire-grid screens might disturb the
deformation patterns and force fields in the target, an attempt was made to
develop wire sensors that would interfere less, by ucing finer wires in paral-
lel arrays, less closely spaced than the screens. A developmental investi-
gation at the University tested single wires impacted by projectiles fired
from an air gun. Of particular interest was a method of verifying how much
lateral motion of the wires occurred before they broke to give a signal. The
0.0095-meter-diameter projectile was 0.15 meter long. 'No pinholes in the
air gun barrel near the muzzle transmitted light to a photo-multiplier
timing system for measuring projectile velocity. The dual-beam oscilloscope
was triggered when the aft end of the projectile passed the first pinhole
(farther from the muzzle). The wire sensor was placed 0.15 meter from the
second pinhole,so that the projectile nose impacted the first wire just as the
aft end passed the second pinhole. The time difference between the two signals
(from the second pinhole and from the breaking wire) determined the time delay
(or advance) of the breaking-wire signal. With the known projectile velocity,
the position error that would be caused by assuming that the wire brcke instan-
taneously in its orginal position could be determined.

Several kinds of wire were tested. The wires were stretched between
supports 0.15 meter apart. The first tests were performed in air. Ductile
wires of copper aud stainless steel stretched so much that the projectile
traveled almost 0.05 meter before the wire broke in impacts at 32 m/sec.
Brittle wires gave better results. A brittle O.OO01-meter-diameter tungsten
wire broke after about 0.0025 meter of travel.

Tests were then performed with the stretched tungsten wires buried in
sand. The wires broke before the projectile reached them, because of the sand
pushed ahead of the flat-ended projectile. At 39 m/sec the distance was about
0.006 meter and at 65 m/sec about 0.009 meter from the projectile to the
initial position of the wire when it broke. In all cases the breaking wire gave
a good sharp step on the oscilloscope trace. The last group of tests used
0.0002-meter-diameter steel music wire (static breaking force 89 N as compared
to 17.8 N for the tungsten wire). In these last tests the wire sometimes did
not break, but was deflected to one side of the projectile. A small perturbation
in the voltage trace was noted at about the time the projectile reached the
wire's initial position. Such a perturbation may be usable for timing purposes,
although it lacks the sharp step that occuLs when the wire breaks.

12



Two of the standard wire grid velocity screens were checked in the test
apparatus at the University. With a 12.7 mm-diameter projectile impact-
ing the screen in air at a speed 25.4 m/see, the icreen bent to allow
about 0.0025 meter of travel before it broke. When & similar test was
performed in sand, the travel appeared to be about 0.0075 meter before
the break.

The figures quoted for distances from the initial wire pcsition to
the projectile position when the break occurred apply, of course, only for
t..e specific projectiles, wires and configurations tested. Sensors will
have to be calibrated in conditions similar to those they are to be used in.

The first test firings at Eglin on 6 June 1975 were planned to test
breaking-wire sensors and capacitor sensors prepared at Eglin. Tungsten
wires and steel music wires of the types previously tested at the University
were strung between supports 0.76 meter apart, and in addition two stand-
ard wire grid velocity screens were placed in the sand near the front end
of the target. Signals were to be recorded both by counters and on magnetic
tape recorders. No signals were obtained from any of the breaking-wire
sensors. Post-test checks showed that the velocity screens were broken
but the tuo other wire sensors were not broken by the 0.50 caliber projectiles.
gimilar wire systems could be used in sand, especially with the larger
20mm projectiles, but it would be necessary to check them out carefully
with each projectile and test configuration. The X-ray method could be
used as a check. Little further use of breaking-wire sensors in sand
was made in the Eglin experiments because the magnetic sensors were so
much better, and later the X-ray method gave still better results.

2.4.2 Sensors Responding to Pressure or Deformation:
Capacitors, Pressure Transducers, and Strain Gages

Although the m-.Jor effort in thr experimental progrwm was directed
toward recording trajectory information and the bow wave formation and
cavi.ty formation, several types of sensors were tried that could give some
additional information about arrival times and intensities of the stress
and deformation waves in the target medium.

A capacitive transducer was developed at AFATL, consisting of two
thin metal foils separated by a layer of foam rubber and encased in a
flexible electrical insulating matericl. When the sensor was compressed
along with the surrounding sand a voltage change occurred across the
charged capacitor. This furnished timing information about the arrival of
the pressure wave. With suitable calibration it could also furnish quantita-
tive information about pressure and deformation. It also served as a good
antenna for detecting and recording the actual firing times of the flash
X-rays.

A pressure cell in the bottom of the test chamber 0.127 meter from
the front of the box also gave information about the arrival time and intensity
of the pressure waves and furnished a good signal.

One to five strain gageni were also mounted on the aluminum plates
at the sides of the box. Good strong signals were obtcined from the gages.
The interpretation of these signals depends on the interaction between
the pressure wave in the sand and a flexural wave in the plate.

13



2.4.3 Microwaves

A microwave monitoring system was reported on in 1965 by Hakala (Refor-
ence 15). Its operation gives output depending on the interference betweeki a
transmitted signal and a signal reflected from the moving projectile. The
transmitter and receiver were at the opposite end of the sand target from the
impact 2oint. The interference frequency is a function of the projectile velo-
city. Since few details about power requirements for penetrating various
distances in dry and moist sand were available, an experimental program to
determine some of this informatir', was undertaken at the University early in
1975.

A micrcwave oscillator of maximum power 1 mw fed a variable gain amplifier
at a frequency of about 10 GHz through a coupler in a microwave horn into the
sand contained in a 1.2-meter-long box. Fec these static experiments the
signal generator carrier frequency was modulated by a I kHz square wave. The
signal was reflected from the target, which was the end of a metal rod inserted
into the opposite end of the box from the horn. Portions of the mixed incident
and reflected signals were detected by a crystal detector. The detector output
(DC with amplitude varying at the modulation frequency) was fed to a Standing-.
Wave Ratio Meter (which contained an internal amplifier with a narrow pass bani
around I kHz).

When the rod was moved axially by one quarter wave length the round trip
path from coupler to rod was shortened by one half wave length. The reflected
and incident waves interfered and a half wave length reduction in path was
required for the detected mixed signal to go from a maximum to a minimum.

Preliminary tests showed a strong signal response at a distance of 0.30
meter with 3 mw power output from the microwave amplifier. At 0.60 meter the
difference between the maximum and minimum response was down about 5 dB from
the difference at 0.30 meter indicating a power transmission drop by about a
factor of one-third, but the signal was still clearly distinguishable. In fact
it was still clear at 1.0 meter. Precise attenuation factors could not be
obtained with the preliminary tect set-up, because of reflections from the sides
of the box containing the sand.

Additional microwave studies attempted to repsat with naturally moist
Eglin sand (approximately 5 Oercent by weight moisturecontent) the kind of
measurements previously made in dry sand. With the target at a distance of
only 0.15 meter however, the attenuation was so great that the alternate con-
structive and destructive interference by the reflected Nignal as the target
advanced a quarter wave length was barely perceptible.

Some additional measurements with a tuned microwave horn pickup replacing
the target were made verifying that detectable microwave signals were trans-
mitted through 0.30 meter of the moict sand even with the low power signal
source.

It may be possible to increase the transmitted power and to obtain a coupler
that will pick up a smaller fraction of the transmittel signal to mix with the
reflected signal from the target in order to enhance the interference.

14
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For projectile velocity monitoring, the carrier wavy would rot be

modulated by the I kHz square wave. A projectile advancing at constant
speed at 300 l/sec will produce an interference frequency of spptoximately
20 kHz without any modulation of the original signal. This frequency will
decrease as the projectile slows. The amplified signal could be recorded
both on an oscilloscope and on one or two channels of a Biomation transient
recorder. It would be recorded as a quasi-sinusoidal ignal of decreasing
frequency. The time between * maximum and a minimus .' this ai&nal is the
time for the projectile to advance one quarter wave length (of the order of
0.0075 meter although precise vaLes would have to be estabilished by
celibration). At a projectile velocity of 300 a/sec thr time between max-
imum and minimum is about 25 x 10-6 sec. increasing as the projectile slows.

The microwave system was not actually used in the Eglin experiments
since the X-cay equipment was available, but it is a possible option for
future use if the power requirements can be met.

In Section III the data collected in the Eglin experiments will be
described.
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SECTION III

RESULTS OF EGLIN PENETRATION EXPERIEN4TS

3.1 INTRODUCTION

During the period from 22 January to 24 May 1976 the Eglin peaetration
experiments included a total of 91 shots in 17 missions. X-ray data from
two or more stations were obtained in 74 shots (No's 14 to 91 except for
Shots 21, 28, 60, and 75). Appenidix A lists data obtained in Shots 14 through
91, except for the four shots for which X-ray data were not obtained. One
page is used for each shot, and they are listed in order. A description
of the various kinds of data in Appendix A, both the experimentally measured
data and several kinds of information calculated in the data analysis, is
given in paragraph 3.3 after an overview of the primary and secondary test
programs in piragraph 3.2.

3.2 TEST PROGRAM MATRICES

3.2.1 Primary Test Program Matrix

The primary test program at Eglin was planned to test two projectile
configurations at three impact speeds and two target moisture conditions
(dry Eglin sand and saturated Eglin sand). With four replications of each
cest the plan called for 48 shots. Four extra replications brought the
total to 52 shots as summarized in Table 3. The two projectile configura-
tions were both solid cylinders of nominal diameter 0.0198 meter, one
with a flat nose and the other with a step-tier nose, as described in
paragraph 2.3. The wet sand was fully saturated. The letters after the
shot numbers indicate that special analysis was made of those shots. The
letter V indicates that velocity data from the X-rays were fitted to a
Poncelet force law as described in paragraph 4.4, with information about
the fitting tabulated in Appendix A. The letter M indicates that the
velocity results were compared with the magnetic sensor data obtained with
the velocity coils, with results of the comparison listed at the end of
each tabulation in Appendix A. The letter B indicates that a bow wave
was observed in front of the projectile in one or more of the X-rays (see
paragraph 3.5.1).

3.2.2 Secondary Test Program Matrix

Shot numbers not included in the primary test program are listed in
Table 4.

3.3 DESCRIPTION OF EXPERIMENTAL DATA

For each of the 74 shots listed in Appendix A the position and cavity
separation angle information obtaiied from the X-ray records is given in
the first data group. An example is shown in Table 5.

16



TABLE 3. SHOT NUMBERS OF EXPERIMENTAL MATRIX FOR PRLMARY TEST PROGRAM

Projectile Type Velocity Range

Sand Condition 210 ,m/sec 320 rn/sec 400 mr/sec
14 B

15 20 VB 25 VB

Solid 16 22 VS 26 VIM

Flat Nose 17 V 23 Vb 27 VB

Dry Sand 18 V 24 VMB 29 VH

________________ 19 V _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

70 Vh 36

Solid 71 VI :7 VK 76 VM

Flat Nose 72 VH 38 V 82 V

Wet Sand 73 VM 74 V 83 VH

81 VM 84 Vh

52 V 56 Vh 62 VB

Solid 53 58 VI 63 VB

Step-Tier Nose 54 VII 59 VM 64 VMS

Dry Sand 55 Vh 61 VM 65 VB

_.......__ 57 V ,V_

42 39 V 50s

Solid 43 40 51

Step-Tier Nose 44 41 68 VH

Wet Sand 45 V 49 VM 69 VT

(V indicates that calculated velocities of nose and center of gravity are

Tabulated In Appendix A; M indicates %that the tabulation also includes

comparison with Lhe magnetic sensor data; B indicates bow waves were observed.
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TABLE 4. SHOT NUMBERS OF EXPERIMENTAL MATRIX OF SECONDARY TEST PROGRAM

Projectile Target Impact Velocity Ranges
Type Medium Shot Numbers

Solid Dry 320 m/seec
Biconic Sand 30 V. 31 V, 32 V

Hollow Dry 350 m/sec 400 m/sec
Biconic Sand 35 V 33, 34

Solid
Flat Nose Dry 240 m/see
0.152 meter Sand 77, 78 V, 79 VII
lon_

Hollow Dry 230 m/sec
Step-Tier Sand 88, 89 V

Ho).low Wet 440 a/sec
Step-Tier Sand 90

Hollow Water 230 m/sec
Step-Tier 85, 86 VM, 87 VM, 91 V

250 m/sec 550 mr/ec
Special Wet Sand 46 47, 48

Model Dry Sand 66, 67

(V indicates that calculated velocities of nose and center of gravity are

listed in Appendix A; M indicates that the tabulation also includes com-

parison with the magnetic sensor data.)
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TABLE 5. EXAMPLE OF FIRST DATA GROUP

SNOT 2h 12 MARCH# 19 7 o6 NO, 3 J

0ANO: ORY OLNSITY11538. KG/M*;3/ APFU ACHING VCLUCITYS 40b M SRUJEC ILES bOLZO FLAT NOSE MA5510,5o3 KG1 544. o o m L2 ", 2L 5 h

X-RAY 3TATIaN o.o. ..,., NOA NO, NO,3 N0,4 NO.5

CENTJ OF GRA ICA 0Mvi ' tIz, )
H Oit NTAL * o9*,**** 00 OU 0 119 0.020 0732 03S
VER ICAL e......... 0o.34 00.1-0 4 01 M

INJLINAT ANGLERIEG11) 0.0 0,v.s "1.5 -bo

ABOV• *.*.*.*...o,., *** 5.0 3.5 245 0*5

Na "0*Ao.9 h o.4010 0o o.. s
HOf I i A o......,.. 0 §7 0 232 0,53J 008443 tV RTZ 0: 4. 0.130 0:1 0:b kJ

UOZ NTAL so ve o 0flJ4 0,232 0, 53 0.8044
VERTICAL • eo.* .*.o: : -0.081 -0.074 .0.0b 0.Ob04 .Ob

The first line below the shot number and date gives the target
medium: dry sand, wet sand or H-OH (meaning H2 O for shots into water),
the density in kg/m 3. the projectile's approaching velocity in meters per
second as reasured by the counter start and stop velocity screens as
described in paragraph 2.3 and/oy by the time from the break-wire on the
gun muzzle to the X-ray trigger foil switch located on the froat oi the
box as recorded on the oscillograph strip chart. The second line gives
the projectile type, mass in .g, nominal diameter and length in meters.
Below each X-ray station number is listed the time in seconds from the
foil switch trigger to the firing of that X-ray. The firing times were
determined from the delay settings and also by noting signals appearilig
on the scrip chart records for various sensors. The next two lines give
the calculated center of g:avity position coordinates in meters measured
from the front and bottom of the target box. Note that the first hori-
zontal toordinate is negative, since the projectile is still outside the
box.

The projecriie's angle of incliuation to the horizontal and the cavity
separation angles at the nose, measured wi.,h reupect zo the projectile axis,
are listed in the next two lines of data. A row of asterlske (w***)
indicates missing data. These angles 'were measured on the X-ray negatives,
as was the measured nose width in meters. The next two lines are calculated
tose position coordinates, corrected for X-'ay beam divergence. The last
two lines give the raw data on the nose position in the X-ray picture, with
the vertical position measured from the row of letter markers on the wall
of the box, so that a negative coordinate indicates cdstance below the
letters.
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For 22 shots (those not marked with a V or M in the experimental
matrices of paragraph 3.2, no further data are tabulated in Appendix A.
The other 52 shots have additional groups of calculated data to be discussed
in paragraph 4.3, and the 26 marked with an M in the experimental matrices
of paragraph 3.2 include magnetic sensor data in the last data group, as
shown in Table 6.

TABLE 6. EXAMPLE OF LAST DATA GROUP (SHOT NO. 26)

RECOAOED TIME OF O AXIMUM/§ NO_

COMAUT 2'8111ION JS MAXMIN 8ULTkGi
AT 0 44 0.509 O.0 0

AN ~EAT if /M81 1fg19"

AT 4EýNE 1594flN COIL 04 07E7T84X/I VOLTAG CM)
AT M 0 024 o0oa2 0. 235 0 04
AT MIN 0.214 0 0 0t 5 0.:73

The first line of data in this last data group (see Table 6) lists
the time in seconds from the X-ray trigger coil switch time to the maximum
voltage from the four magnetic sensor velocity coils. The second line
lists the times of the minimum voltage at each of the coils. These times
were transcribed from the strip chart. The next two lines are computed
nose positions, as will be described in paragraph 4.4. The next line
lists the actual positions of the four coils as recorded in the log book,
and the last two lines record the differences between the two compuLed
nose positions and the actual positions. The significance cf the3e
differences will be discussed in paragraph 4.4.

3.4 PRELIMINARY ANALYSIS OF TABULATED DATA

3.4.1 Nose Positions

Nose positions as measured on the X-ray photos were recorded as
INPUT NOSE POSITION in the first data group of the tabulations of Appendix
A (see Table 5) and also the apparent nose width. This apparent nose
width as compared to the known actual nose width provides a first-order
coreection for the divergence of the X-ray beams. A simple computer
program, based on similar triengles with apex at the X-ray source, was
used to correct all apparent horizontal and vertical distances in pro-
portion to the known correction for nose width. The corrected nose
positions are tabulated inmnediately above the raw data input nose positions.

3.4.2 Center of Gravity Position

The center of gravity position was cslculated from the corrected
nose position and the (uncorrected) inclination angle by using the known
distance from the nose of the projectile to its center of gravity. This
correction did not account for projectile yaw. Yaw was believed negligible
because of the straightness and lateral stability of the trajectory.
Further data analysis is given in Section IV.
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3.5 DATA NOT ANALYZED

3.5.1 Bow Waves

Several of the X-rays showed a detached shock wuve ahead of the
projectile, revealed by a density discontinuity. 1his occurred notably
in the higher speed impacts in dry sand. In the primary test matrix of
Table 3 shot numbers marked with a B showed well defined shock waves. Thus
the flat-nosed projectiles showed shock waves in the intermediate velocity
range also.

The bow shock wave appeared an a roughly parabolic curve (almost a
circular arc near the vertex) with vertex at a distance ahead of the pro-
jectile nose of the order of magnitude of the projectile diameter. The
X-ray pictures have been retained for possible use in future theoretical
analysis of the deformation. Figure 4 shows tracings of two of the bow
waves ahead of the projectile nose in two positions in Shot 26. The
distance between the two positions is not to scalr; in the figure, but
the position of each bow wave is shown relative to the nose.

Figure 4. Tracing of a Bow Wave for Shot No. 26

Similar shock waves were also observed in some of the preliminary
shots with 0.50 caliber projectiles.
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3.5.2 Separation Angles

In some shots the separation angles above and below appear:d to be
approximately symmetric with respect to the nose velocity vector, which
was slightly different from the projectile heading as given by the re-
corded inclination angle. In almost all of the cases recorded in the pri-
mary test program only the nose was in contact with the sand. In future
analyses it may be possible to relate the separation angles to the shape of
the false nose of sand formed in front of the flat-nose projectiles and/or
to the lift forces exerted on the nose.

3.5.3 Marker Movements

The preshot and postshot X-rays showing movement of the small steel
markers have not been analyzed. This information may be useful for
evaluating future theoretical analyses of target medium deformation.

3.5.4 Pressure and Strain-Gage Measurements

The pressure transducer strip chart records may furnish useful data
to compare witb the observed bow waves and/or with future theoretical
analyses of stress and deformation wave propagation in the target. The
strain gage measurements on the aluminum test chamber walls were also
recorded on the strip chart. These strain pulses are also related to the
pressure wave in the sand, but are strongly influenced by the response of
the aluminum piate to a traveling and varying dynamic load.

22



SECTION IV

CLASSICAL, AND EMPIRICAL ANALYSIS OF EXPERIMENTAL DATA

4.1 INTRODUCTION

Trajectory plots for the 52 shots of the primary test program
are given in paragraph 4.2. Since these trajectories are very nearly
straight and horizontal throughout the 1.2-meters-long region of
observation, analysis by one-dimensional penetration model3 is feasible.
In paragraph 4.3.1 computer plots of horizontal positon versus time and
of velocity versus position are given for 21 of the shots. These were
obtained by first fitting a cubic polynominal interpolation formula to
the position data and then fitting a Poncalet force law to each shot,
as described in paragraph 4.3.2, which also contains a comparison of
the values obtained for the Poncelet drag coefficients of the 41 shots
of the primary matrix that have been analyzed by this method. Results
of magnetic sensing are compared with the X-ray data in paragraph 4.4.
This data analysis was performed at the University.

Results of a different method of deterqdng the Poncelet coef-
ficient for each shot and also results of empirical analysis by methods
similar to those developed at Sandia Laboratories (References 12,13) are
given in paragraph 4.5. Variation of the drag coefficient within a
shot is discussed in paragraph 4.6 by considering separately different
segmenta of several trajectories. These last two data analyses were
performed at the AFATL.

4.2 TRAJECTORIES OF PRIMARY TEST PROGRAM

Computer-plotted trajectories for the 51 shots of the primary test
program 6atrix listed in Table 3 are shown in Figures 5 through 10 based
on the X-ray data for the positions and inclination angles. In each plot
the circles mark center of gravity posotions and the other end of the
line from the circle is the nose positon. Shot number is shown at the
left end of each trajectory. The horizontal and vertical scales are the
same, but each successively numbered trajectory in a figure is plotted
displaced upward one square (12.5 cm) from the preceding one. The plots
give a pictorial summary of the trajectory data. Precise positions are
given in the tabulations of Appendix A.

The most remarkable feature of the trajectories is their straight-
ness, following in most cases a nearly horizontal straight line through
the 1.2-meters-long target box. All but one of trajectories have a
slight upward trend. The greatest rise, 6.2 om, occurred for Shot 19 in
Figure 5(a). Shots 16 to 19 of this group for the solid flat-nose pro-
jectile impacting dry sand at about 210 m/see all show a continuously
increasing angle of inclination, reaching 16.5 degrees in Shot 19. This
was the largest inclination angle recorded. Positive final inclination
angles were recorded for 31 shots, negative for 19 shots and zero for
one, Shot 76 in Figure 7(b). Tn dry sand the flat-nose projectiles showed
9 positive and 4 negative final inclination angles while the step-tier
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projectiles showed 5 positive and 4 negative. In saturated sand the fiat-
noses choved 11 positive and 2 negative final inclination angles while the
step-tier noses showed 7 positive and 3 negative. The largest negative
argle was -14.5 degrees in Shot 53 of Figure 8(a). This was also the only
trajactory that did not rise.

Some of tne trajectories show a continued rise, even with a negative
angle. This is most evident in Shots 27 and 29 of Figure 7(a) for the
flat nose impacting dry sand at. 400 m/sec. The X-ray pictures show that
during the part of the trajectory observed only the flat nose was in
contact with the sand, so that no forces were acting on the afterbody
surface.

Since the trajectories are so straight in the region of observation,
analysis by one-dimensional penetration models is reasonable, for example
the Poncelet force law to be discussed in paragraphs 4.3 and 4.5 and
the Cavity Expansion Theory penetration model ia Section V.

4.3 ANALYSIS AND DISCUSSION OF TABULATED POSITION-TIME RESULTS BASED
ON X-RAY DATA

4.3.1 Cubic Interpolation, X, t-plots and V, x-plota

, Velocity analysis has been carried cut for 52 shots for which complete
X-ray data (5 stations) were available. This includes 41 shots from the
primary test program and li from the secondary program (those marked with a
V in Tables 3 .nd 4.) In the data reduction at the University of Florida, the
velocity analysis was performed firsc by fitting a cubic interpolation
formula to the data, and later improved results for the x-component of the
center of gravity velocity were obtained by fitting the data to a formula
derived from the Poncelet force-law penetration model. The Poncelet law
fittings will be discussed in paragraph 4.3.2.

The coefficients of each cubic polynomial are liated in the tabulations
of Appendix A.

For euample, for Shot 26, the tabulated coefficients for C.G. VELOCITY
X-CXO. imply the polynomial

x - -0.1277 4 393.3t - 46,190c 2 + 3,432,000t3 (1)

for x in meters and t iu second3. The ioefficients were determined by a
least-squares fit. At the end of each set uf tabulated coefficients is
listed the standard deviation in mters [square root of the sum of the squares
of the differences %etween the measured x-positions and those calculated by
the cubic at the times of firing of the X-rays]. For Shot 26 the standard
deviation is 0.3014 meter for the x-component, indicating a very good fit.

Velocities were calculated from the fitted cubics. For example, for
Shot 26 the center of gravity x-component velocity is given by

V- dtx - - 92,380t + 10,296,000t 2 m/sec (2)
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This sheuld give a good approximation to thw velocity nee: the center of
the interval, but larger errors would be expected at the ends. Computer
plots of: (a) the cal1culeted x,t-curve and (b) the calculated Y,x-curvc
for 21 shots of the primary test program are shown in Figures 11 through
52. On each x,t-plot the five experimental data points are marked by
squares. The solid curva is the fitted c-sbic, and the curve marked with
vertical strokes is a cur'v based on the Poncelet force lnv, to be discussed
in paragraph 4.3.2. It is, seen that the fitted cubic x,t-curvea agree
very well with the experiimental data. The cubic and Poucclet x,t-cunves
are also close to each other through the whole interval. Their slopes
begin to differ at the ends of the intervals of observation. The V,x-
plots by the two methods therefore show considerable differences at the
end3. The ctbic interpolation would give completely unressonable results
outside the interval of observation (0 to 1.2 meters).

4.3.2 One-Dimensional Analysis of Velocities by Fitted Poncelet Force Law

The Poncelet force law (Reference 2) takes the following form,
after dividing through by the mases of the projectile,

dV A + BV2  (3)

where A and B are pa"7emters depending on tha target material as well as on
m. For the high velocities in the interval. of observation IL the present
program, the contribution of A ts negligible, and the Vx-curves have been
fitted by takirg A equal to zero and determLning a best fit for B by a non-
U4 near regression procedure that minimizes the standard deviation from
the experimencal date of the x,t-curve obtained by integrating Equation (3).

Equatiou (3) can be integrated explictly for given initial data
(Vo, xo, to) to obtain

V [(A +V)2B(x-) A A -2Bl (4)

or, with A - 0

V - V e'B(X-xo) (5)
0

With V - dx/dt a second integration of Equation (5) gives then
1

x -0 ý [1 + EVo(t-t)A (6)

The more complicated case, with A 0, is distussed in Section V on the
Cavity Expansion Theory.

Equation (6) was fitted to the experimental x,t-data. A nonlinear
regression I-s required. The procedure followed in ttis section was to take
initial conditions x , V0 , and to from the experimetal data and the cubic
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interpolation results of paragraph 4.3.1. A different pzocedure will be
used in paragraphs 4.5 and 4.6. Measured approach velocites were avail-
able but there was some uncertainty aLout the exact time the nose of the
projectile first impacted the target. Positions at the times of the X-ray
firings were more precisely known. The majority of the aralyses (33 shots)
were therefore made with Station 3 as initial-value point, with Vo - V3 as
given by the cubic interpolation, since that point ie near the middle of
the interval where differentiation of the cubic interpolation formula
should be most accurate. Calculated velocities at Stations 1 and 2 were
then obtained for negative values of t-t 0 and x-x . For 19 shots that
procedure led to unreasonably large calculrted vaues for V at x - -0.115
meter where V should be equal to the approach velocity. For these
cases the analysis was therefore made with Station 1 selected as initial
point.

In the tabulations of Appendix A the value of Vo is tabulated as
VO on the line below the tabulated Poncelet drag coefficient. For example,
for Shot 26 the value V3 - 267 is listed. Comparision with CG.Vel.X-Comp.
values four lines above this entry shows that in this case Vo.'V For
the 21 cases plotted in paragraph 4.3.1, the captions include either the
statement Vo-V 1 or Vo-V 3 , and it is also easy to tell from the V, x-plots
where they were made to agree.

All the fitted Poncelet curves (those marked by vertical strokes)
now give a reasonable agreement at x - -11.5 cm with the measured approach
velocity.

The standard deviation of the x-positions calculated by Equation (6)
from the experimental values is tabulated for each case in Appendix A
immediately following the tabulated V0 .

The Poncelet drag coefficient tabulated on the same line is related
to the coefficient B of Equation (1) as follows. In aerodynamics a
dimensionless drag coefficient CD is defined such that the drag force on
an object of projected area A, on a plane perpendicular to the velocity
is given by

2
Inertial Drag Force - AIV2/2 (7)

where p is the density of the medium being traversed. Comparison with
Equation (3), neglecting A, shows

B - pACD/2w or CD - 2mB/pA1  (8)

The projectile mass in kilograms and the target sand density in kg/m3 are
tabulated for each shot in Appzndix A.

Table 7 lists the Poncelet drag coeffIcients CD for each of the
41 shots of the primary test program whose velocities were analyzed. In dry
sand there is little variation with ivpact velocity of the value of CD
required to fit the X-ray position time data in the region observud. These
dry sand results are well characterized by the Poncelet force law with a
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TABLE 7 . PONCELET/DRAG COEFFICIENTS CALCULATED FOR PRIMARY TEST PROGRAM

Projectile Type Impact Velocity Range
and 210 rn/sec 320 m/sec 400 w/sec

Sand Condition Shot CD Shot CD Shot .CD

Solid 17 1.64 20 1.77 25 1.68

18 1.62 22 2.30a 26 1.65
Flat Nose

19 1.69 23 1.72 27 1.77
Dry Sand

Avvg 1.65 Avg 1.74 AvS 1.70

Sol±d 70 1.59 37 0.95 76 0.96

71 1.55 38 0.94 82 0.73
Flat Nose

72 1.36 74 1.02 83 0.82

Wet Sand 73 1.23 81 0.96 84 0.78

jAvg 1.43 Avg Q.97 v 0.82

Solid 52 1.81 56 1.78 62 1.83

54 1.90 58 1.91 63 1.81
Step-Tier

55 1.89 59 1.67 64 1.92
Dry Sand

57 1.62 61 1.82 65 0.54a

. A__g 1. 80 Avg 1.80 Avg 1.85.

Solid 45 1.24 39 0.72 50 0.79

49 0.82 68 0.61
Step-Tier

69 0.71
Wet Sand

,Avg 1.24 Avg 0.77 Avg 0.70

(Values marked witif excluded from average)
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value of CD - 1.7 for the flat-nose projectile and CD - 1.8 for the step-
tier projectile. In paragraph 4.6, a different method of determining
CD is presented, however, which shows up variations in CD along a tra-
jectory.

In the wet sand (fully saturated) there is a downward trend of CD
as the impact velocity increases, indicating that the penetration is not
well characterized by a Poncelet force law with coefficients independent
of velocity. There is also more scatter in the CD values obtained for
some of the velocity regimes in the wet sand.

The saturated sand values are all lower than any of the dry
sand values (except for Sho5 65, which is believed to be in error). Shot
No. 87 into a water target at 241 m/sec was fitted by CD - 0.51. Apparently
the fully saturated sand tends to respond somewhat like a water target.

Magnetic sensor response is compared with X-ray data in the fol-
lowing paragraph.

4.4 COMPARISON OF MAGNETIC SENSOR RESULTS WITH X-RAY DATA

For the 26 shots marked with an M in Tables 3 and 4 the cubic inter-
polation formula described in paragraph 4.3.1 was used to comoute the
nose position of the projectile at the time of maximum and minimum coil
voltage from each magnetic sensing coil. These are compared to the coil
position in the last data group tabulated from each of these shots in
Appendix A. The differences between these two positions (tabulated in two
last lines) give the appa:ent distance back from the nose to where the
maximum outward radial component of the projectile's magnetic field cut the
sensing coil (or the maximum inward component for the minimum voltage case).

In Shot 26, for example, the distarces were 0.024, 0.023, 0.035, 0.042
back to the apparent maxima. The first two of these agree quite closely
with the laboratory mapping of the magnetic field of the projectile reported
in paragraph 2.3, which indicated that the maximum should occur about 0.02
meter back from the nose of the flat-nosed projectile if the magnetized
projectile passed through the center of the coil. There was some dis-
crepancy at the last two stations, but an error of 0.02 meter is quite small
compared to the position coordinate of 1.076 meters at the last station.
Shot 26 had one of the straightest trajectories.

Larger discrepancies are recorded for several shots. The largest
positive difference noted is for Station 2 of Shot 50 where the apparent
maximum was 0.063 meter back of the nose as compared with the laboratory
measurement of 0.022 meter for a solid step-tier projectile. lince this
occurred at Station 2 (position 0.486 meter ) it would represent about an
8 percent error in position indication.

For several stations a negative difference was noted. Tho largest
was -0.027 meter for Station 3 in Shot 58, also a solid step-tier pro-
jectile, indicating an apparent maximum 0.027 meter ahead of the nose or
0.049 meter ahead of the maximum position according to the laboratory
measurement of the field, leadisig to a 6 percent position error at Station 3.
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In the majority of the cases the apparmit ervors were smaller than
these. No labcratory mtnsurement was made for the hollow step-tier pro-
jectiles. but differences between computed nose positions and coil positions
for them in Shots 79, 86, and 87 were in the range of the differences for
the solid projectiles.

I. A possible source of the errors could be off-center projectile paths,
although both Shots 50 and 58 had quite straight trajectories according to
the X-ray records. Other possible sources of error are imprecise measurement
of coil positions and/or miximum time on the strip chart and possibly
distortions of the magnetic field of wne projectile caused by the impact.

It is believed that the X-ray data are generally more precise than
the magnetic sensor data. Nevertheless the investigation has Indicated that

the magnetic sensing method can give quite good results, and it is certainly
an economical method.

A different procedure for determining the Poncelet drag coefficients
will be presented in paragraph 4.5, which also considers application of the
empirical penetration formula developed at Sandia Laboratories (References
12,13).

4.5 COMPARISON OF PONCELET AND SANDIA DEPIRICAL FORMULA RESULTS

The Sandia empirical formulas (References 12,13) are rewritten here
in SI units. Thus, according to Young (Reference 13) the total depth of
penetration D is given in terms of the initial impact velocity Vo by an
equation of the form

D - 0.0117 KSN(W/A 1) 1 /2(Vo - 31.5) for Vo > 61 Mr/sec (9)
/

or by

D 2KSN(W/A I)..n[l + 2V0 (10 )) for V° < 61 i/sec (10)

W is projectile weight
A1 is cross sectional area

Since all mpacts in the present study had Vo > 61 m/sec, a procedure based
on a metliod used by Young (Reference 13) to modify Equation (9) for use with
layered media was used to analyze the Eglin experiments. In Equation (9),
N is/a nose coefficient, S is a soil coefficient, and K is an independently
d~xermined parameter. Since K, S, and N appear only as the product KSN, the

/p'rocedure followed was to determine the best value of KON to fit the experi-
/ mental velocity versus position data. The projectiles for the present

7/ experiments were considerably smaller and lighter than those for which the
* , empirical formulations and scaling laws had been shown to give good results.

* 7 According to Yotng (Reference 13), for V0 > 61 a/see the constant A
in the Poncelet Equation (3) of paragraph 4.3.2 is negligible, so that

A 77



Equation (5) is the apprcpriate form of r.. c , ate velocity
to position, nawely (with xo - 0)

V = V e - B . ° 1 1

In the procedure of this section both the Poncelet parameter B and the initial
velocity V0 at x - 0 are considered as unknowns to be determined from the
experimental data of Appendix A as follows. The velocity V at four positions
xi, each located midway between the positions of the projectile in two
successive X-ray pictures, is calculated as Vi - Axi/Ati, where Ax is the
distance travelcd during the time between the firings of the two x-rays.
Then the regression procedure gives

B [((Ex)(¼:LnVi) - ExitnVi]/Izxi 2 -(x)(x)] (12)

and

V°-Exp [ELnVi + -B(Exi)] (13)

where 1 = 1 to 4.

The Poncelet drag coefficient CD is then given by CD 2mB/pA1 an in Equation
(8).

The basis for the application of the Sandia empirical formula to

layered media (Reference 13) was the assumption of constant decelek lion
through each layer. Thus if an is the acceleration magnitude nondi, 'sion-

alized with respect to g, the acceleration of gravity (so that a g ; ýhe

dimensional deceleration), then the velocities Vn+1 at the beginning aid the
erd of a layer were related (Reference 13) by

V 2 - V2n- 2g[(a + an)L + an(t - L)] (4)
n+l n n-l n 2 n n

where t is the thickness of the layer and it is assumed that tn>>L. For the
flat-nosed projectile, with L -0, Equation (14) reduces to

V2 D 2n - 2 angtn (15)

which is the basis for the following regression iprucedure to determine the
Sandia parameter KSN. Let

h - V2 /[O.OIT7(V1- 30.5)(V - V2 ) (W/A) I/2 (16)

Then

E(xi I -xXxi - x 1 )(Gi)
KSN - S (x - )2 - r(x 1)] I[E(x x] (17)

i - 2 to 4

The different regression analyses presented in this paragraph and in
paragraph 4.3.2 gave for the classical Pancelet equations in most cases almost
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F the same results for CD. The results for CD as a function of initial
velocity for the solid flat-nosed projectiles in dry sand and in wet
sand are summarized iu Figure 53. When the two regression results differed
eignificantly the result of paragraph 4.3.2 was used. As shown by the solid
triangles the value of C is almost independent of the initial velocity
in dry sand, while the valuea for saturated sand (marked by the solid
circles) ave lower than for dry sand and show a downward trend with
increasing initial velocity.

A similar plot of the fitted value of the Sandia parameter KSN for
the same shots is shown iu Figure 54. The greater scatter in the fitted
values of KSN than in those of CD indicated that these penetration events
are not well characterized by a single value of KSN for each shot. The
greater discrepancies with the Sandia equation can be explained in part by
the assumption of a cons:ant deceleration wup.j.iatude in each segment, in
contrast with the Poncelet prediction w1 on does fit the dry sand experi-
mental data very well.

In paragraph 4.6 the r,. ible variation of the Poncelet coefficient
with position along a tr '.ory is examined by fitting separace values
for different portionE the trajectory fcr each shot. Some of the values

- O::'• KSN for .ae shots analyzed by the regression methods described
in this s o..... ill also be given in Table 8 for dry sand and Table 9 for
wet sand.

4.6 DRAG COEFFICIENT VARLATION WITH POSITION ALONG A TRAJECTORY

The favorable agreement with the experimental data of the position-
time and velocity-position curves calculated by the Poncelet force l4w
suggested further analysis by this model. The variation in the drag coef-
ficient along a trajectory was examined for some of the solid flat-nose

j projectile ýrajectories, for 9 shots in dry sand and 10 in wet sand, including
examples fro-i each of the three impact velocity regimes of the primary test
program. These calculations were made by separately evaluating the Poncelet
parameter B for three different segments of each trajectory by the
following equation.

B - PCvAI/2m - Itn(Vn/Vn+])]/(xn+l - xn) (18)

where subscripts n and n + 1 identify values at the beginning and the end ofIi a segment.

Tables 8 and 9, for dry sand and wet sand, respectively, exhibit in the
third column the resulting drag coefficients calculated by Equation (18) for
three segments of the trajectory for each shot. The tables also list in the
last two columns some of the values of and the Sandia parameter KSN fitted
to the whole trajectory by the methods 5 paragraphs 4.3.2 and 4.5. When two
values of C, were listed for a shot, the first was calculated by the method
of paragraph 4.3.2 and the second by the method of paragraph 4.5.

As was pointed out at the end of paragraph 4.3 the CD values fitted
to the dr,, sand shots are consistently higher than those for saturated sand.
Moreover s:he wet sand values show a downward trend with increasing impact
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TABLE 8. DRAG COEFFICIENLA CD AND KSN VALUES FOR SELECTED SHOTS IN DRY SAND

(SOLID FLAT-NOSE PROJECTILES)

Shot Striking Segment Distance Average Velocity Shot Shot
No. Velocity CD (W) (m/sec) CD KSN

(rm/sec) _D*

17 212.1 1.779 0.320 174.1 1.643 3.05
1.590 0.590 139.3 1.779

_ _2.049 0.901 108.6
18 213.4 1.887 0.307 174.6 1.624 3.20

1.673 0.570 139.3 2.230
2.413 0.826 106.5

19 210.6 1.849 0.311 176.5 1.692 3.17
1.880 0.573 139.6 1.973
2.149 0.880 106.5

20 329.2 1.678 0.295 268.1 1.769 2.26
1.91.0 0.552 214.8 1.786
1.687 0.862 168.3

23 328.2 2.014 0.300 269.5 1.72. 11.77

1.578 0.562 216.0 1.867
_ _2.152 0.863 168.7

24 327.4 1.643 0.269 265.9 1.723 2.59
1.774 0.525 217.8 1.765
1.814 0.826 172.0

25 406.0 1.842 0.277 329.1 1.685 1.38
1.400 0.534 264.2 1.561
1.615 0.832 211.3_

26 406.3 1.783 0.280 329.6 1.649 1.70
1.760 0.538 266.5 1.670

1.515 0.810 214.0

29 405.0 1.933 0.281 330.8 1.706 1.54
1.761 0.522 266.3 1.7351 1.625 0.839 214.0

First listed value of CD calculated by method of paragrdph 4.3.2
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TABLE 9. DRAG COEFFICIENTS CD AND KSN VALUES FOR SELECTED SHOTS IN WET SAND

(SOLID FLAT-HOSE PROJECTILES)

Shot Striking Segment Distance Average Velocity Shot Shot
No. Velocity CD (a) (s/bec) CD* KS

j71 207.9 2.167 0.268 182.3 1.545 1.614
1.560 (.519 134.2 1.802S1.921 0.826 98.8

72 214.0 1.302 0.285 181.1 1.359 3.40
1.561 0.541 142.3 1.564
1.673 0.865 104.9

73 212.8 1.410 0.287 180.9 1.233 2.92
1.288 0.549 143.6 1.474
1.697 0.878 108.3

37 336.5 1.134 0.298 279.6 0.947 2.214
0.824 0.559 237.0 1.023

f 1.218 0.883 196.6

S38 333.1 1.032 0.300 284.0 0.937 2.36
0.924 0.587 240.2 0.969

!, 0.997 0.917 200.1

74 334.0 1.240 0.309 282.7 1.016
0.923 0.580 233.4
1.230 0.917 189.7

81 333.6 1.023 0.309 278.7 0.963
0.885 0.570 236.3
1.308 0.896 193.6

82 404.8 0.985 0.308 343.2 0.728
0.645 0.562 299.3

_.. ... 0.499 0.889 269.2

83 41Q.4 1.228 0.307 347.0 0.819
0.697 0.547 298.5

1.148 0.854 258.7

84 405.7 0.978 0.308 333.3 0.777
S0.584 0.545 294.0

S1.322 0.843 253.0

First listed value of Shot C calculated by method of paragraph 4.3.2
D
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velocity, while for dry sand the values were essentially indapendent of
striking velocity.

Of paricular interest here is the change in CD along a trajectoy
as shown by the two or three different values listed in the third colurn
for each shot. in many cases the first segvient C, is higher than the
second and then the trend is reversed to give a third segment CD higher
than the second. This pattern is followe1 in 8 -f the 10 wet sand cases
and in 4 of the 9 dry sand cases, for which three segments were calculated.

The dry sand coefficients show less variation along the trajectory
than the wet sand coefficients, a variation of the order of 30 percent
between the maximum and minimum values in dry sand and two or three times
this much variation in wet sand.

This variation might imply that CD is velocity dependent instead of
being a constant. It seemsi that in some cases the drag coefficient varia-
tion can be fitted to a power law in the velocity. An example of this is
given in Section VI.

The apparent variation in the coefficient may, however, actually be
a result of assuming an incorrect form for the force law. If the force law
contains a term linearly dependent on velocity in addition to the term
depending on the square of the velocity, both with constant coefficients,
this would lead to an apparent variation in the CD determined by Equation (18),
which is based on a law where the force is proportional to the square of the
velocity.

The high drag at the beginning of the trajectory may .11so be related
to shock effects involving not only the velocity but also the -pulse
duration and the acoustic impedance of the target medium. The minimum CD
appears to be related to momentum transfer to the target medium, where
the predominant drag is proportional to the square of the velocity. F ally,
as the projectile slows and the cavity collapses onto it, friction and
shear resistance in the target medium become important, giving rise ro an
increase in the apparent drag coeffici~nt.
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SECTION V

CAVITY M'PANSION THEORY PENETRATION CALCULATION

Ln 1975 gerhard and Hansgud (Reference 6) p4biished a report. e-..ending
the approximate pcnearation calculation method for projectiles ulth a hemin-
pherical nose, based on the thiory of &xpanston of a spherical cavity (CET),
to projectfles with conical and ogival noses and showing how it cnulei be
extended to an arbitrary axially symmetric projectile. The first i.- of'
CET metnods for dynamic penetration was by Gooditr (Refererce 26) fa3 #
spherical project' a impacting an incompreselble strain harc:s.nng target.
Hanagud and Roos (Reference 3) modified the method to account approximately
for target compressibility by treating the target matcrial as a locking
mmedium. The method hAs been applied to penetration calculations for flat-
nose projectiles by Rohani (Reference 4). vith the implicit assumption that
a false hemispherical nose oj target material is formed and carried by the
projectile Llong a stable straight path.

It should be remembered that sev, il quite important assumptions are

made in applying the cavity expansion meLnad to penetration calculetions, so
that extensive experimental verification is nez-essary Co check on the range
of approximate validity of pradictiotus by the method. Nevertheless it has
achievid some remarkable success in predicting penctration depths from
m.'asure soil properties (Referencei 4,6,7). Bernard and Hanagud (Reference
6) defined a dimensionless parameter R. , which 0hey call the solid Reynolds
number °2

Ra (19)
U Y

where p is target density, Y is target yield strength in a uniisial strain
test. and V is projectile velocity. It was conLluded that final penetration
depth was reasonably well predicted for Rs between Lero and about 100. They
considered the upper bound of 100 as a conservative oni. since resulis of
experiments at high values of R. are needed in order to establish a more
realistic range. They remarked that accurate prediction of detatls of the
complete deceleration history might demand a much stronger limitation or. R.

According tc the spherical cavity expansion theory for an Infinite

locking compressible medium the compressive normal stress p at the cavity
surface ia

p "p P + P, t Ps + p (BIah + B2 a;) (20)

where pa and p, are the separate contributions of the iuater~al deformation
(shear) and inertia, which Bernard &nd Hanagud (Reference 6) call the shear
resistance and the dynamic pressure, respectively. In tLts wiuztIon p is
the locked plastic density in the region behind the expanding spherical
plastic locking shock wave. a is the instantaneous cavity ralfts, A, and A
are the radial velo:ity and acceleration of the cavity- surace and p., 81,
and B2 are parameters related to properties of the material, The way thesaparameters are calculated will be indicated later in this section.
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In applying this theory to penetration by a projectile with a hemi-
spherical nose two very important assumptions are made (References 3,4) ir
order to get a simple theory.

(1). The parts p and p, of the normal pressure at the tip
of a hemispherical nose radius a on a projectile traveling at speed
V and acceleration I are assumed to be equal to the values of ps and p,
on a spherical cavity surface of the same instantaneous radius a, but
expanding with A - V ard 9 - V.

(2). The entire hemispherical nose is assumed to be in contact
with the target material, and the dynamic pressure on the projectile's
hemispherical ncse is assumed to vary from the stagnation point value at
the nose tip to zero at the shoulder as the cosine of the polar angle
measured frum tip (colatitude), while ps is uniform over the nose.

If friction orn the nose and all afterbody forces are neglected
this leads in a straightforward manner to the following equation of motion
for the projectile of mass M

2 3 .dV 2 2(M + 7 a -pwl) = - a (p2 + JP B V (21)

2 3
The term j2-a PppB, is an added mass term resulting from the acceleration term
pBiag in the expression for the dynamic pressure in Equation (20). In most
c ses that have been treated the added-mass term was negligible in
comparison to t~ie projectile mass M.

In modifying the method to other exisymmetric nose shapes, Bernard
and Hanagud replaced the assumption on the variation of p, over the nose
surface by an assumption on the variation along the nose of the tangential
component V of the target absolute velocity. For o fully embedded nose,
the material was assumed to be in contact all along the nose surface (no
sepAration before the base of the nose), an assumption which they recognized
was nut generally strictly cotrect. The normal component Vn of target
material velocity was therefore required to be equal to the normal component
of the velocity of the projectile nose surface. For a conical nose of
half apex angle 0, it was assumed that the tangential component of target
velocity varies from V cos f at the nose tip to zero at the base of the
cone, according to the law

Vt = (1 - (z/L) 2]/2 V cos * O<z<L (22)

where L is the nose length and z is the axial coordinate measured back from
the tip of the nose. The velocity dependent part of the dynamic pressure
p, was then assumed to depend on the local resultant particle velocity
magnitude V - [V2 + V2]17 2 in the same way that p, depends on A in the
spherical c(vity expansion theory. Similar assumptions cduld be made
about the dependence on the local particle acceleration on the nose surface,
but because that term is usually much smaller than the velocity-dependent
term, Bernard and Hanagud (Reference 6) chose to use the nose tip acceleration
V, so that PT is given by

P I a ppBlaV + p B V 2  (23)
p2 p
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where V varies over the nose while '( does not. Integration of the ajdial
force c nponent over the nose then gives the following equation of motion,
replacing Equdtion (21)

(M + ¶Ta3 P d .v- - wa 2(p5 + P, BfV 2) (24)

where the dimensionless nose-shape factor fn is given for a conical nose
of length-to-dia-eter ratio LID by

f2

n 3 4(L/0)2+l1 (25)

Besides containing the fantor fin place of the factor 3/2, Equation (24)
differs from Equation (21) by lacking the factor 3/2 in the term containing 1

Bernard ind Hanagud (Reference 6) observed that with the assumption
listed above the variation in fo as L/D varieo from zero (flat nose) to
infinity (long pointed nose) produces a variation in predicted final pene-
tration depth by a factor of three. For LID - 0 fn is 3/2 and the pre-
diction is the same as for the hemispherical nose, when the contribution of
the added-mass term containing B1 is negligible.

and Hanagud (Reference 6) gave a method for estimating Vn and Vt at any

anstd Hanbove ther fullyio emede conasex varisymmerioa noer (:hap inse) td

itiont ong nthe nose by considering the circumscribed cone tangent tr the
nose at the point. The base of the cone was in the same plane as the actual
nose base, but the tip was forward of the actual tip. The components of

and othe point of tangency were xsymt equal tose vapes oern
and Vt that would be assumed on the circumacribed cone at the point of
tangency if it were an actual. conical nose, calculated by the procedure
described above for conical noses. This gave a continuous variation of Vt
over the nose, dropping to zero at the base of the nose. Explicit formulas
for Vp and pT as a function of position on the nose were ,iven for ogives
(Reference 61. For the special case where the ogive is a hemisphere, the
distribution of p, over the nose as calculated by this procedure differs
slightly from that given by the previous procedure assuming ps to vary as

* the cosine of the polar angle. But the resultant axial force is the same
* when the added-mass term containing B1 is negligible.

Because of the formation of a false nose of target material, it
does not seem reasonable to apply these assumptions to actual flat-nose
projectiles. Neither the X-ray pictures nor post-test examination had shourn
the actual shape of the false noses formed in the Eglin penetration experi-
ments. In the following aralysis of Shots 20 and 21 of the Eglin experi-
ments two kinds of assumptions were made for the shape of the false nose.
The first assumption was a hemispherical nose, leading to Equation (21) for
the equation of motton. The second kind of assumption was a conical nose,
leading to Equation (24). The second assumption was applied for L/D values
of 0.5, 0.4, 0.2, and 0.

The material properties for the dry sand target were determined as
follows. The shear or deviatoric properties were based on a triaxial test
performed in the Civil Engineering Labosatories at the University. Figure
55 shows a plot of a1 - 03 versus cl, where 01 and cI are axial compressive
stress anJ strain and 03 is the constant lateral confining pressure of
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0.589 HPa. The dots denote the experimental curve while the two straight
Hlues are thu bilinear fit to It. From the bilinear fit the values of

E - 54 MPa, Et - 1.39 MIP&, Y - 1.4 MP (26)

were determined for the elastic modulus E, tangent modulus Et in the plastic
regime, and yield stress Y (at the intersection of the two straight lines).
The bilinear approximatton, required for the simple cavity expension theory,
seems to be quite a reasonable one for the triaxial test curve.

The required approximation to the compressibility properties,
determined from a uniaxial strain teat as shown in Figure 56 is more extreme
and more arbitrary. It is necessary to approximate the curve by two vertical
(Incompressible) lines joined by a horizontal jump representing the change
in density from the loLked elastic density at uniaxial strain e1, to the
locked plastic density at uniaxial strain c upon the passage of the plastic
shock wave. The approximations assumed correspond to uniaxial strain values
of

Elastic C1 " 0.03 Plastic cp - 0.094 (27)

The Initial density was p0o - 1540 kg/i 3 . Then

PP - 1700 kg/n 3  and po/Op - 0.906 (28)

leading to the following numerical values for constants in the theory

S 1 0.0026 I - (P /p -0.09429 - 7 1 , 0.09 pp

, 1 - (P0o/P)0"30 - 0.1020 l 1 - 61/3 0.533

B2 - 1.5 + (l+0p)81/ + 0.564/ 1.013

4 - + 2A - ,.L,,
(29)

The formulas for 0, ' , 81 , and ps are as given in Hanagud and lose
(Reference 3). and di1fer slilhtly from the versions in Bernard and Ranagud
(Reference 6). The differences have to do with Inclusion of various terms
that contribute little to the actual numerical values obtained. With this
value of B1, the added-mass term containing B1 in Equations (21)or (24) is

0.00285 kg, which is negligible in comparison to the projectile mass m
(0.5451 kg in Shot 20 and 0.5443 kg in Shot 25). The equation then takes
the form

dv- - (A + BV2 ) (30)

as in the Poncelet force law. Equation (30) is integrated to give

S- x° + 1Ln(cos(/-AB (t-to)) + /Bi7X Vosin(/AVB (t-to))} (31)

ani

S A 2 ,-2B(x-x A1/2
N+ Vo2 ) 07 (32B
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These results are plotted in Figure 57 for Shot 20 and Figure 53 for
Shot 25. The coefficter.to A and B for the two shots have the values shown
In Table 10.

TABLE 10. COEFFICIENTS FOR CAVITY EXPANSION THEORY PENETRATION CALCULATIONS

Shot 20 Shot 25

Curve I./D Ale/s 2  5(m-1) Curve LID A(mIs 2 D(m- )

1 0.5 1900 0.6614 1 0.5 1903 0.6624

2 0.4 1900 0.7340 2 0.4 1903 0.7351

3 0.2 1900 0.9009 3 0.2 1903 0.9023

4 0 1900 0.9922 4 0 1903 0.9936

Also plotted in each figure is the fitted Poncelet curve through the
experimental points. The agreement is fairly good for the hemispherical
nose (Curves 1, L/D - 0.5), overestimating the penetration by 3 to 5 per-
cent and the final velocity by about 11 percent in Shot 20, The xt-curve
for L/D - 0.4 (Curve 2) is essentially coincident with the experimental
curve in each case. The Vx-curve is also coincident with the experimental
curve in Shot 25 and overestimates the final velocity by only 3 percent for
Shot 20. It Is emphasized that the parameter values used for the prediction
were determined from the two static curves as shown In Figures 55 and 56.
Thep, parameters were determined before calculation of Figures 57 and 58. No
adjustments were made to the parameter values to get a better agreement with
the experimental results.

£ Thus, with an assumed false conical nose with L/D - 0.4 the details

of the deceleration history are remarkably well predicted for Shots 20 and
25 in the region of observation. The prediction with an assumed spherical
nose (or a cone with L/D - 0.5) is also not bad. The solid Reynolds number
for these two shots is Re - 127 for Shot 20 and R. a 181 for Shot 25, both
above the range of Re In which the cavity expansion theory was known to
give good results. (See the discussion following Equation (lq).)

Any attempt to apply the theory directly to the flat-nosed projectilea
by using the limiting case of L/D - 0 as in the Curves No. 4 in Figures
57 and 58 would greatly overpredict the drag and underpredict the penetration
for Shots 20 and 25.

It is concluded that the cavity expanvion theory method has consider-
able merit despite the strong assumptions involved In its application to
petetration theory. For projectiles with actual conical or ogival noses orSother nonflat axlsymmetric shapes it should poeprofitable to consider

oblique impacts and attempt to modify the theory to apply locally to a sur-
face area element somewhat in the manner of the assumed differential area
force laws to be discussed In Section VT. This has not been done yet for a
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completo trajectory, although 3ernard and Hanagud (Reference 6) discussed
the embedment process at the beginning of an oblique impact for a pro-
jectile with n conical nose.

It might also be possible to make similar calculations for the
flat-nosed projectile, but this vould severely test any assumed falee
nose shape. It may be possible to obtain some hints about the false
nose shape from a study of the separation angles as shown in the X-rays.
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SECTION VI

RIGID BODY NOTION IN A SOIL MEDIUM

6.1 EQUATIONS OF MOTION

Soil penetration prediction techniques as classified by Triandafil-
idis (Reference 1) are considered to fall into two broad categories
i.e., mathematical and experimental. Under the br.,ad heading of mathema-
tical further suggested subdivisions are semi-analytical, analytical and
theoretical. The semi-analytical techniques listed in Reference I were
all restricted to completely normal penetration. Even the cavity expansion
models, classified as analytical, are also restricted to normal impact.
Oblique impact may be analyzed using an analytical Differential Area Force
Law (Reference 8). However, a computer program based on this type of
aualysis has limited access because of proprietary restrictions, as well
at being expensive to operate. In light of the above, a study was initi-
ated to develop a simple multidegree-of-freedom set of equations of motion
for bodies of revolution in a scil medium. The ground rules for this devel-
opment are as follows:

1. The projectile was to be a body of revolution with zero rotation
rate about the longitudinal axis.

2. Classical six-degree-of-freedom equations of motion would be used
with force and moment terms from assumed or empirical force ex-
pressions.

3. Force expressions would be selected by joint agreement between
the contractor and the project engineer.

4. Results were to be projectile position-time tabulation using
Cartesian coordinates for center of mass position and Euler angles
for body rotations.

For the derivation a set of body fixed axes x, y, z with unit vectors
°i J, • and an inertial frame x', y', a', with unit vectors i, J', •'
fixed in the soil, were selected and are shown schematically in Figure 59.

Tho generalizad six-degree-of-freedom equationa of motion for a
rigid nonsyimmetrical body written relative to the body axes are given as
(Reference 27):

F - m(6+QW-RV) (33)X

F - m(V+RU-PW) (34)Y

F - m(0+PV-QU) (35)
L - IxxP+Ixy (PR-Q)-I xz(R+PQ)+RQ(I Iy )+Iy (R 2-Q 2 ) (36)

M - -Iy(;fQ)+y -Iy(PO-R)+RP(I -I )+I (P-R (37)

xy yy *yz * xx Is xt

N-* Ix(QR-P)-I (Q9-PR)+I PR+I (1 2 -p 2 ) -I__) (38)P' y: ;+I )4QP(Iy

where:
Fx Fy, F Applied forces in x, y, s directions respectively.
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LM,N Applied torques or moments about xyz axes respectively.

UV,W Projec.tile or body translational velocities relative to
x, y, z axes respectively.

P,Q,R Projectile or body rotational velocities about x, y, z
axes respectively.

a Projectile mass.

1xx , Conventional moments of inertia and products of Inertia for
y body axen x, y, x

I ,I

_ x• yz

The dot above any te-.-a represents the time uerivative or time rate
of change of that term.

For a symmetrical body the products of inertia are zero and I -1
and Equations (33) through (38) reduce to yy Zg

F ,..mv+ Q I_ (39)

FYam(V + R1JPW) (40)

Fa -M (w + PV- QU) (41)

L - 1 (42)

M.- Q+RP( -M -I ) (43)

lq=ZgR-Qp(au - Try) (44)

6.2 FORCE EXPRESSIONS

The force exerted on the projectile by the soil Vas sssumed to be of
the formL

d?.n (A= + BlUI + C U2 )i
dA x

+ any(A y + B y VI + C yV) ()

+ a(Az + 3 W1 +C--W A2)k

where:

A, RX C1x are the force coefficients to be detereined from
tests performed for a certain projectile shape

A, By, Cy, and a given soil.

U are components of outward unit vector normal to
y, S surface of projectile.
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The forces F., F 9 and F may then be determined by the projected
wetted areas normal tb the velocities U, V, W respectively. A force to
assurted to exlat only when the wetted surface has an outward velocity •

component normal to the projected area. This type of force distribution
applicable only 6.o axisymmetric bodies, assuves a uniformly distributed.
pre3sure over the projected wetted a%,e&, giving rise to a resultant force
passing .rough the geometric centse of the projected wetted area. When
the g- setrIc center of the projected wetted area coincides with the can-
ter ,'I the mass of the projectile tnen no applied moment L, H, N, exists

the projectile. Tf the projectile i& hollow or if the geometric center
vf the proje.cted area and the center of mass do not coincide then an applied
sament exists and is equal to Qhe applied force timea the distance between
the geometric center of the projected wetted area and the center of mas.
For a body of revolation ccnpletely submerged 4a the medium the force
distribution due to a lateral translational veolcity V is shown in
Figurn 60 for the case of zero moment. In a caso where the geometric
center of the area and the center of mass do not coincide the force
distribution is shown in Figure 61. The projected area used to deter-
mine the force F for a completely submerged axisymetric projectile is
the same as for ;z. The projec?ed area for F. for the completely sub-
merged projectile Is einply the cross sectlon of the projectile normal
to the x axis.

If the projectile is only partially submerged then only a portion of
the total projected area is in contact with the soil mediuam and a result-
ant force ant' mow'fnt will exist as shown in Figure 62. These moments and
forces are ctnginttg with depth of penetration and become functions of
depth. For this case the forces and moments are not simple expressions
due to the complicated expressions req,'ired to calculate the areas. The
derivation of the forces and moments required for partial penetration of
a conical nose are given in Appendix B. These equations are not Included
in the main body of the report as time did not permit complete computer
modeling of these equations and therefore are simply include4 as inforga-
tion.

6.3 COORDINATE TRANSFORMATIONS

Translational and angular positions relative to an Inertial framt
fixed in the soil may be expressed in terma of angular and translational
velocities of the body fixed axes by use of coordinate transformations
relating the two systems. The coordinate rotations required for these
transformations are given in Reference 28 as:

1. Start with body axis x, aligned with inertial axis x' and
rotate about body axis z, through an azim-ithal angle Y.

ails produces a new set of body axes X2 , Y2 , Z2 .

2. Rotate about Y through a pitch angle 0. This produces a new
set of body axes X3 , Y3 P Z3 "

3. Fittally, rotate about X3 through a roll angle #, which brings
the body into ita final bcJy axis syst.em X, Y, Z. (This rota-
tion is not important for a body possessing complete symetry
about the X axis.
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The transformation equation based on these angles is given as

AI - TBI ABI (46)

which transforms an arbitrary vector Agiven in the body system to
a vector A, in the inertial system. The transformation matrix TBI
to given as

rcvce (cysesa - sycf) (cTYsOct+sfs)

TBI IsYcO (sYses* + c#c*) (S~scG-ccys#)J (47)

L-se cOs* cec* J
where: cO - cos G,s8 - sin e, etc.
For orthogonal transformation such as this the inverse of T._ is equal
to the tranapose of TBI; therefore the inverse relation of Equation (46)
is simply

By using Equation (46) the velocity vectors U, V, W may be trans-
formed to give the velocities x', y', z', in the inertial system. These
velocities,

' =[T V (49)
• BI

z'(T 311

may be integrated to determine the position x', y', zV of the center of
mass in the inertial frame.

The angular velocities i,e,; are related to the angular velocities
P, Q, R through a transformation matrix ROT defined by

P

Q (ROT] (50)

wehere:

1 0 -sine
(ROT] - 0 coso sinocose (51)

0 -sin# cosJcoae

Due to the non-orihogonality of (ROT] the inverse of the [ROT] transforma-
tion is not [ROT] . It is given by
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[ROT] - 1 sintanG cos~tano

0 Cos# -sine (52)

sin~secO cos~secC

and

(ROT] (03)

Equations (33) through (38),(49) and (53) represent the necessaxy equa-.
Stions. When solved simultaneously with the proper initial conditions

they will yield the position and orientation of the body as hfractions
of time in the inertial frame.

6.4 CALCULATIONS

The solution of Equations (33) through (38), (49) and (53) may
be obtained numerically provided expressions for the forces and moments
are available. In the general case where irapact is not aormal ý:he ex-
pressions are rather cowplicated and require considerable computer
technique and programming ability. However, a completely submerged pro-
jectile could be handled very easily for the force distribution as given
by Equation (45). Also if the assumption is made that otly the nose of
the projectile is in contact with the soil and submersion of the nose is
instantaneous, a normal impact can be handled very easily.

The case of complete submersion was programmed using a MIMIC source
language program. This program, available on the CDC 6600 in the Mathema-
tical Laboratory at Eglin AFB, is essencially a fourth order Runge-Kutta
numerical method for solving simultaneous differential equations. A
program shown as Computer Program I of Appendix C was developed for solu-
tion of Equations (33) through (38), (49) and (53), for a blunt nosed

cylinder, a conical nosed cylinder and a hemispherical nosed cylinder.
For this case the force coefficients A through C are assamed to be con-
stents. x z

The MIMIC program allows for naming constants or variable para-
meters and for Progra-, I, Appendix C, all the initial conditions, toil
force coefficients, and geometric properties were given a parameter
status. Only integration time and print frequency were nawed const-knts.
A check ca this program was accomplished using the data for the blunt
nosed cylinder listed in Figure 63. The assumption in this case Is that,
for normal penetration, nose submersion is instantaneous and only the
nose is in contact with the soil,,

For this case only the forces parallel to the x axis of the
projectile are operative; therefore all other coefficients are set to
zero. It is important to note here that the coefficients used for
this case were obtained from test date of Reference 14. The results
of this case are shown in Figures 64 and 65. Both plots show very
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Figure 63. Data for Normal Penetration of Blunt Nosed Cylinder
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good agreement between model and experimental va'ues. Both fig-
ures shou a comparison between using a constant value of CX for the
whole velocity range and using values for A and C for velocities
below the critical velocity of 100 m/sec. fhe oveall effect of using
-a value for A is to reduce the depth of penetration at the lower veloc-
ities and bring the projectile to rest at some finite time. The
significant difference of the two cases is shown in the reduction of
depth of peneteation of Figure 64.

Further verification of the analytical model was obtained by

use of experimental data of the Eglin experiments. As discussed in
Section II velocity measurements of aolid blunt nosed cylinders were
made using an X-ray technique. The reduction in velocity during the
trajectory was assumed to be attribuLed to A drag term based on the
expression

Fx A(;' (54)

where C is defined %a the drag coefficient in the x' direction, p
is the undisturbed soil density and A is the cross sectional area 8f
the projectile. By using this assumption and analyzing the data as
in paragraph 4.6, it was found that CD had a variation with velocity
as given in Table 11. Also, if x'and x are assumed to be collinear,
then V and U are equal.

TABLE 11. VARIATION OF CD WITH VELOCITY x'.

DRY SAND

x' u/sec CD

0 4.0

12.7 3.0
S25.4 2.2

76.2 2.0

152.4 1.9

228.6 1.25

304.8 1.25

2540.0 1.7

The data of Table 11 fit a power law of the form

CD - aUb (55)
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where a 5 .. 12 and b - -0.1 when U ts expressed in cm/sec. if equation
(54) Is compared to Equation (45) then the relation between Cx and CD I's
given as C C (56)

3The density of the soil p used in the experiment was 1.6 gm/cm 3 there-
f re CX W O.8CD

Modifying the Computer Program I to include Equations (54)to (56)
results in the Cowputer Program II given in Appeadix C. The data used
as input for this case are given In Figure 66.

The results of these runs are given in the graphs of Figures 67
and 68. Figurv 67 shows the variation of depth of penetration with
variations in impact or initial velocity. Figure 68 shove correlation
of model prediction with experimentally determined data.

6.5 CONCLUSIONS

The results of the precedirg paragraph show that a simple basic
terradynamic approach using experimentally determined force coefficients
will yield reasonable results. However, It must be emphasized that
The lack of force coeffirients for angle of attack and other than normal

* impact preventa model verification for a general case.
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SECTION VII

SONIC ALD ULTRASONIC WAVE SPEED MEASUREKENTS

7.1 INTRODUCTORY REMARKS

The preceding sections have dealt with the testing and performance
characteristics of terradynamic vehicles, including trajectory, cavity
shape, separation, reattachment and stability. Predictive techniques vhich
allow for a quantitative assessment of earth penetrating vehicle per-
formance require information on certain parameters. Important among these

parameters as Inputs-into terradynamic modelp are the density and the
acoustic impedance of tte target medium (Reference 29). The acoustic
Impedance, which is related to the wave velocity in the material, has
particular Importance in delineating regimes of application of penetration
equations as well to In perhaps predicting bow wave speeds observed in the
X-ray studies.

One technique which has been explored in the current test prt gram
for obtaining information on the above parameters is ultrasonic wave speed
measurement. The use cf ultrasound as a diagnostic and measurement tool

wj well documented. Pohlman (Reference 30), for example, has catalogued
ultrasonic research topics in a series of volumes with frequent updating of
the literature. Specific descriptions of ultrasonics in diagnostic appli-
cations have also been disc-esed in such references as (References 31,32),
while techniques for measu-ement of mecLanical parameters are contained in

References 33 through 35. :.(any mechanical prpertles measurements by
ultrasound have been directed toward obt4ining information on the elastic
properties of either solid, liquid, er gaseous media using the pulse-echo
or through-transmission techniques, as described for example by WeSkinin
(Reference 36). Papadskis (Reference 37) and others (References 33 through
35). Some recent properties measurements on solid heterogeneous media such
as fibrous composite materiels and rock media have been reported on in

References 40 through 42. These media, while dispersive in nature, remain
amenable to conventional ultrasonic testing procedures because of the

retention of specimen shape during machining. For granvilar or solid media,
In which three distinct phases are present (solid, liquid and gas), and

for which confined samples are not readily produced, measurement of mechanical
properties becomes more involved. Some data collection related to soil
media has been reported iu References 43 through 46. Because of the phase
inhomogeneity, properties measuresents for soil typos such as dry or
saturated sands are difficult tasks. For example, dilatational wave speeds
through dry sands by sonic radiation provide rtasonable properties data,
while similar measurements through saturated sand have proved unsatisfactory
(Reference 43).

The filled pores alloe rapid propagation of dilatational waves, so
that measurements of the waves transmitted by the skeletal phase generally
require the measurement of shear waves instead. These waves arpear to
reflect a better standard aeasurement of the skeletal stiffness and are
frequently used in testing soils properties at ultrasonic frequencies. For

this reason many of the tests reported in the literature report data on the
pronagation of shear waves (Reference 44).

110



In obtaining such data it is important to note that considerable
disparity in the reported magnitude of acoustic waves in soils appears in
the literature. This discrepancy is partially due to the measuring
technique used. type of pulse disturbance used for generating the trans-
mitted signal, and amplitude of resulting disturbances. In any event it
is important to vote that current analytical models appear inadequate to
predict wave velocitie. and it is necessary to obtain quantitative measures
of the wave velocities In real soils by experimental procedures (Reference 44).

I's the stu.:!-," :=ported in this section, wave speeds in dry or moist
Eglin eatd (5 to 15 percent moisture by weight) have been investigated with
three purposes in mind: (1) to obtain input for existing penetration codes
requiring this information or for delineating ý3undson the usefulness of
terradynamic equations (Reference 29). (2) for pot a'l zelationship to
observed bow shock wave speeds (Reference 21), and ,. for possible use as
a tool for establishing the compaction state of sand.

The major part of the investigation has been concerned with ultra-
sonic wave speed measurements as a function of compaction and testing pressure.
Several difficulties were encountered with the testing program, and it still
has had only limited success. The difficulties were ansociated with the
dispersive nature of the sand medium. especially at high frequencies and lob
testing pressures. The ultrasonic wave speed measurement techniques and
results will be described in paragraph 7.2.

A brief discussion will be given in paragraph 7.3 oi some low frequency
field measurements of sound wave speeds.
7.2 EXPERIMENTAL PROCEDURES AND RESULTS FOR ULTRASONIC WAVE SPEEDS

A Panametrics Ultrasonic Intervalometer system was available at the
University that could be used either in a pulse-echo-overtap method with
the same transducer used both for sending and for receiving the reflected
signal or in a through-transmission method with separate Pending and
receiving transducers. Because of the dispersive nature of the medium,
effort was concentrated on the through-transmission method. The Panameterics
system cAn be used alone with broad band single pulses, or in conjunction
with a ptilsed radio-iTequency (RF) oscillator it can be used with a burat
of RF oscillations.

The first testing of sand samples used the single broad band pulse
from the Ultrasonic Pulsing; Module of Panametrics system as input signal to
a Panametrics Type V201 5 MHz longitudinal transducer. The sand was firs.
compacted under conditions nf uniaxial strain in a steel cylinder 0.05 meter
in diameter under &xial pressure of 4.4 to 22 MPa. After unloading, end
plates each containing one of the transducers were mounted on the cylinder
and the broad band pilse applied to one end. The broad band pulse contains
all frequency components, but the received signal resembled a distorted Cine
wave with the first few oscillacions at a frequency 0.02 times the 5 MHz
transducer resonant fiequency. An example is shown in Figure 69.
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(Sweep Speed 20 ps/cm, vertical 50 mv/cm)

Figure 69. Received Pulse from Broadband Input Pulse

A portion of the input broadband pulse is seen at the beginning of
the oscilloscope trace, driving the signal off screen. The received pulse
is amplified and mixed with the broadband pulse internally in the Pana-
metrics unit and then displayed on an oscilloscope. Precise timing can be
accomplished in a manner similar to that for the RF bursts as will be
described later in this section. More details on the operation of the
Panametrics system are given in Reference 45.

The pulse displayed in Figure 69 was transmitted through a sand
sample 0.0094 meter thick while under an axial pressure of about 0.2 MPa
after compaction by an axial pressure of 4.4 MPa ir& the steel cylinder. The
attenuation of the pulse by the sand was so great that this equipment and
procedcre could nut be used with samples much thicker than 0.05 meter.
Also the signal became erratic when the applied axial pressure during the
wave speed mneasurement was about 0.1 !4Pa(approximately 15 psi) and dis-
appeared altogether at some lower pressure. But the most disappointing
feature of the results was that the measured wave speed appeared to depend
on the thickness of the sample. This is a result of the change in shape of
the pulse as it propagates through the dispersive medium. What was measured
in these tests was the speed of propagation of the leading edge of the
received pilse, which would be the group velocity of the transmitted wave
packet of oscillations if the transmitted packet did not change its shape
so much.
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Figure 70 shows the leading-edge wave speed for a 0.01-meter-thick
dry sand sample versus axial testing pressure varying from about 0.05 MPa to
about 0.30 MPa for specimens previously compacted at three different anial
pressures. Figure 71 shows the sanre kind of plot for a 0.023-meter-thick
dry sand sample. Figure 72 is a photograph of the steel cylinder in place
in a fixture counted in a Tinius Olsen universal testing machine to provide
the axial force during testing. The two transducer leads can be seen
coming out of the fixutre. In this setup the transdu-ers (not visible) are
in•tide the end plates in direct contact with the sand.

Figure 72. Fixture for Ultrasonic Wave Speed Measurements in Sand
Contained in Cylinder Under Axial Load

Some additional tests of this type were performed an samplee with
moisture contents of 5, 10, and 15 percent by weight. Ac the highest
forming pressure the 15 percent sample was saturated. The other samples
were not saturated. The results indicated that increasing the moisture
content increases the attenuation and decreases the wave speed, but the
leading-edge speed results were again imprecise because of the changing
shape of the transmitted pulse.

It was proposed then to obtain an RF pulser, since it was believed
that the RF bursts, containing a single dominant RF frequency could be used
to measure group velocity of the RF burst in a manner chat would not appear
to depend upon specimen thickness. It was also propoaed Co use the new
equipment to study the effect of various amounts of air and water in the
three-phase sand medium. In particular it was proposed to compare results
with the predictions of an equation derived by Lfahov (Reference 46) and
discussed by Cristescu (Reference 47).
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An Arenberg Ultrasonic Laboratory oscillator, Model 11 (PC-65-2-C)
wtth 400 watts peak power was obtained. It was furnished with three coils
for the RF frequency ranges of 4.3 to 7.5 MHz, 0.81 to 1.1 MHz, and 0.45
to 0.62 MHz. Additional coils can extend the range to operate anywhere in
the 0.13 to 190 MHz frequency raage with some loss of power at the lower
frequencies.

Figure 73 shows a block diag:ram of the Arenberg oscillator (RF pulser)
connections with the Panametrics unilt. The single pulse from the Pulsing
Module of the Panametrics unit triggers the Arenberg RF Pulser which then
emits an RF frequency burst of variable length (e.g. 5 to 20 cycles at 0.5 MHz).
This Itiput pulse travels to the sending transducer which sends a mechanical
stress wave burst through the sample to the receiver and preamplifier and
then to the oscilloscope (CRO). The input pulse is also attenuated and fedd
directly to the CRO y-input terminal for comparison with the received signal.

If the transmitted signal has the same wave form as the input signal,
very precise timing can be obtained as follows. After the attenuated input
signal and amplified output signal have been displayed on the oscilloscope
(CRO) using the internal sweep of the CRO, the final precise measurement is
made by switching to a sweep provided by the variable-frequency CW oscillator
of the Panametrics sy3tem. The sweep frequency is adjusted so that the trans-
mitted and received signals are made to overlap. The time interval between
the two signals is then measured by the frequency counter of the Panametrics
system.

In actuality the transmitted wave pulse is modulated by the trans-
ducers and the transmission through the sand, so that the output resembles
the received signal from the broadband input (see Figure 69) more than it
resembles the input RF signal, which has an essentially square envelope.
But the oscillations within the pulse are at the frequency of the RF, and
the overlapping technique can still be applied, except at low testing
pressures where there is excessive distortion. For best results the RF
burst should contain at least 20 cycles and the overlapping should be made
to coincide at the middle of the burst, since there is some distortion at
the beginning and at the end of the burst. Because the great attenuation
made it necessary to use a very short specimen path, it was not possible to
use such a long pulse, and usually the overlapping was performed on the
second or third peak in the burst. This use of the RF technique did succeed
in removing the apparent dependence of the measured wave speed on the
thickness of the sample when the test was performed at axial pressures
above about 0.5 Mra. Differences in wave speed between the different speci-
mens was within 3 percent which is considered very close agreement for
different sand samples. The sand specimen holder was redesigned so that
the transducers were not in direct contact with the sand but transmitted the
signal through the steel end plates without themselves being subjected to
the static axial loads. They could thus be left in place during the axialloading to compact the sand and could measure wave speed at vdrious times
during the loading and unloading.

Figure 74 shows a stress-strain curve for a uniaxial strain test
carried out in the steel cylinder. At the points merked on the curve,
wave speed measuroments were performed, with the results shown in Table 12.
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Unit
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Pulse
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Attenuator Sample
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Receiving
Transducer

R
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For use with broad band pulse, the T/R terminal is connected directly to the
sending transducer, and the receiving transducer is connected to the R terminal
on the Panametrics unit for internal amplification and mixing with the input pulse.

Figure 73. Block Diagram of Interconnections Between Arenberg Oscillator
(RF Pulser) and Panametrics Unit,
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TABLE 12. WAVE SPEEDS DURING UNIAXIAL STRAIN TEST

Point Stress Density Ratic Wave Speed
(Mea) P/po (m/see)

Loading

1 3.08 1.065 910

2 6.14 1.081 1195

3 9.22 1.097 .1280

4 10.98 1.106 1340

5 13.17 1.114 1390

6 16.48 1.128 1470

7 22.17 1.152 1600

Unloading

8 13.61 1.150 1420

9 8.78 1.145 1280

10 6.14 1.142 1165

11 4.39 1.140 1070

12 2.19 1.136 960

These wave speeds are group velocities of the RF bursts. They show
a very strong dependence on the testing pressure. It &a remarkable how
little difference was measured between the velocities during mnloeding ard
those during loading, despitc the different compaction statee and the
different slopes of the loading and unloading curves. It seems clear that
ultrasonic wave speed measurement will not be a good tool for dete-mining
the compaction condition.

For the last series of tests the 5 MHz transducer was replaced by
1 MHz Panametrics Type V103 transducer, and testing was again performed

with bursts of 0.5 MHz. By operating nearer the transducer resonance and

by using the larger 1 MHz transducers with 4 times as much frontal ar•e a
greater power could be transmitted. It was hoped that this would permit
testing at much lower axial pressures more like the ambient pressures in
the penetration experiments. A signal was its fact received at pressures
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well below the previous minimum testing pressure of 0.5 MPs. but the trans-
mitted signals were so badly distorted that the pulse overlap technique
could not be used. The oscillations in the transmitted pulse appeared to
be at a frequency about 20 percent below the RF frequency of the input
signal. The reason for this is not clear, but it is believwd to be
related to the fact that at these low pressures the phase velocity is so
low that the wave length approaches the order of magnitude of the sand
particle size. Thus the medium no longer responds as a continuum. Because
of thu distortion, only leading-edge wave speeds could be measured at the
low pressures and these with the same kind of errors and apparent dependence
of the wave speed on specimen thickness as were previously observed with
the broadband pulses at all testing pressures.

At higher testing pressures, however, good clean RF bursts were
transmitted by the 1 MHz transducers operating at 0.5 MHz, and the group
velocities could be measured quite accurately by the overlap technique.

The last series of tests examined the variation of the group
velocity with testig -pressure for pairs of dry sand specimens all of about
0.025 meter thickness with different initial dtnsities. The two different
initial compaction states at the same pressure were achieved by shaking
one of the two specimens (by tapping the side of the steel container with
a hammer) to compact the sind instead of by initially compressing it under
axial load. Results for three such pairs of specimens, tested by loading
to three different maximum values of axial pressure are shown in Figures
75 to 77. Each figure thus gives one curve for an initially loose sand
(solid curve) and one for an Initially dense sand tevted over the same
range of pressures. The so-called dense sand had an Initial density 4 to
7 percent greater than that for the initially loose sand. The additional
density Increase during the test varied ftom about I percent for the dense
sand in Figure 75 to about 5 percent for the loose sand tested to a higher
pressure in Figure 77. The arrows on each curve indicate the direction of
loading or unloading. Although the loading and unloading curves are not
identical, the wave speede at any testirig pressure do not vary a great
deal from the loading curve to the unloading curve. The extreme values
from the three curves are listed in Table 13. The last-point densities upon
unloading were not recorded, but they are approximately equal to the
maximum densities.

Evidently the wave speeds are much more dependent on testing pressure
than on the compaction state, so that wave speed measurements are not a
good measure of compaction state.

Because of the difficulties encountered in the program, time did not
permit further testing of wave speeds and attenuation as a function of
moisture content. The Liahov equation (References 46,47) predicts significant
differences in sound wave speeds in almobt saturated sands for vcry small
changes in the air content. Variations in the air volume fraction from
0.005 to 0.04 would change the wave speed by a factor of a third. It was
not possible to attempt any verification of thio theoretical prediction in
the present program because of the difficulty in contrclling the air content
as well as the difficulty in measuring ultrasonic velocities at low
pressures in sand.
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TABII 13. IXTREME VALUES OF PRESSURE AND WAVE SPEED IN FIGURES 75 to 77

Density Pressure Wave Speed
(kg/m 3 ) (MFa) (m/sec)

Figure 75

Loose Sand First Point 1638 1.0 875

Test 7 Maximum 1666 3.5 1140

Last Point 0.3 790

Dense Sand Fir&. Point 1726 1.0 960

Test 2 Maximum 1742 3.5 1170

F eLast PoJnt 0.5 875

F igure 76

Loost Sand First Point 1573 1.0 735

Test 9 Maximum 1636 7.0 1230

Last Point 0.5 810

Dense Sand First Point t677 1.0 890

Test 6 Maximum 1723 7.0 1370

Last Point 0.5 810

Figure 77

Loose Sand First Pqint 1585 0.5 710

Test 8 Maximum 1653 10.5 1335

Last Point 0.5 670

Dense Sand First Point 1644 0.5 835

Test 5 Maximum 1723 10,5 1500

Last Point 0.5 810
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The difficulty at the lowir pressures is now believed to be caused
by the fact that the lower wave speeds at the lower confining pressutres
lead to wave lengths of the order of magnitude of particle size. At low
pressures, wa've speeds of the order of 250-m/sec have been reported
(Reference 14) although not at ultrasonic frequencies. The relationship
between phase velocity c, frequency f, and wave length A is (Reference 48)

c - (57)

At f - 1 MHz, and c - 1000 m/sec (the order of magnitude of the group velo-
cities observed In the present program under high pressurep) the wavelength is 10-3 meters while the sand grain size is of the order of 10-4

t to 2 x 10-4 meters. If at low pressures a speed of c - 250 m/sec could
be expected, this would give a wave length at I MHz of 2.5 x lr- 4 meters,
about the same as the grain size. If the same spned 250 a/sec prevailed
at lower frequencies, it would give A - 5 x 10-4 meters at 0.5 MHz and
X- 10-3 meters at 0.25 MHz.

This suggests that the high frequercies ate not suitable for use
in the sand. A brief discussion of some lower frequency testing is given
in paragraph 7.3. The discussion of Equation (57) applies to phase
velocities, while the measurements reported in this section have all been
group velocities. In a dispersive medium, the nhase velocity of a
dilatational plane wave is a function of wave length, say c - c(A). A
wave packet, such as the RF bursts of the experiments described, contains
a spectrum of phase velocities with a dominant mean phase velocity, say
c at wave length A0. The packet containing wav, lengths predominantly

near Ao travels at a group velocity U, which is related to c. by the
following equation (Reference 48)

co - (58)

If the medium is nondiopersive dc/dA - 0. Phen U - co and U is independent
of wave length and frequency. But if the medium is dispersive, dc/dX 0 0,
and the group velocity may differ markedly from the phase velocity. The
phase velocities for the sand are not known at these frequencies, so an.
evaluation of U by Equation ('8) is not feasible. It was observed in stme
preliminary tests that the group velocity of the RF was somewhat frequency
dependent, but time and available equipment did not permit a determination

I of the frequency dependence over a wide frequency range.

The pulsed RF measurements can be used to determine phase velocity
by using a specimen of thickneas equai to one wave length (Reference 39),
but this Is not easy to do with the short wave lengths of the ultrnsound.
The technique is similar to that used with continuous waves. Some pre-
liwinary tests with contLnious waves at lower frequencies are described in
paragraph 7.3.

7.3 SOUND WAVE PHASE VELOCITIES

In July 1976 some preliminary field tests of low-frequency sonic
phase velocities were performed at Eglin. Th, scurce for the sound waves
w~s a 50-pound dynamic force MB vibration-testing shaker and pL -: amplifier
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belongina to the University. A 0.1-meter-diameter aluminum plate wee
fabricated at the University and mounted on a shaft attached to the shaker
armature and extending 0.15 m(,ýter out~side a wooden box containing the
shaker. The box was partly buried in the ground.

The tryout of the equipment was conducted jointly with the Hines
Branch AFATL/D!.JM, which provided geophones, recording equipment, and
Apectrum analysis. The setup worked well. A good strong continuous wave
signal was obtained at a distance of 3.7 meters from the shaker, even
when the power amplifier driving the shaker was operating at very low
power. Higher power sometimes led to distortion of the sine-wave signal.
The technique involved recording the signal at two stations. Frequency .
was incrersed slowly until the two signals were in phase, indicating thac
the two stations were one wave length A apart. The dilatational phase
velocit,, c is then given by c - fA.

The preliminary tests Indicate some dependence of wave speed oa
frequency, varying from 0bout 108 m/sec at 59 Hz to 170 to 180 m/sec
at around 100 Hz for two receiving stations 1.85 meters apart. The phase
valocir", at 100 Hz was compaiable to the speed of 168 m/sec determined
from the leading edge wave speeds of pulses produced by hammer blows. Higher
frequency tests (up to about 19,000 Hz) were also recorded on magnetic
tape for later analysis by methods not requiring the two signals to be in
phase. Further tests of this type should be performed. It seems to be
a good method for low-frequency sound-wave speed measurements, although
care must be exercised in Interpreting the results, which may be affected
by reflections from the free surface and/or from internal boundaries in
stratified media, especially when the two geophones are more than one
wave length apart.
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SECTION VIII

SUMMARY AND CONCLUSIONS

The results and conclusions of each phase of the investigation
have been reported in previous sections. This final section summarizes
them and indicates where more detail about them may be found. Section II
described the Eglin experimental program and the various types of sensors
used in it or evaluated for possible use. The sequential flash X-ray
technique was judged to be the most successful method investigated, since
it not only gave more complete and precise information about the trajectory
and the projectile's positi.on and attitude at various times than did any
other method but also gave information on cavity formation and separation
points and, in some cases, showed a shock wave ahead of the projectile.
This investigation is believed to be the most extensive use ever made of
flash radiography in terradynamic research. The magnetic sensors also
provided good information about horizontal velocity.

The results of the experiments were described in Section III and
interpreted in Section IV. The trajectory plots of paragraph 4.2 for the
primary test program showed that the flat-nosed and step-tier projectiles
had followed remarkably straight and stable horizontal paths through the
1.2-meters-long test chamber, although most of them exhibited a slight rise.
Because the paths were so nearly straight, analysis by one-dimensional
terradynamic models was feasible. A cubic interpolation formula gave a
very accurate representation of the horizontal position-time data, and of
the velocity near the middle of the interval. A classical Poncelet force-
law penetration model, discussed in paragraph 4.3.2. gave an excellent
account of the observed parts of the trajectories in dry sand, with a drag
coefficient essentially independent of the striking velociL in the range
of velocitles observed. In saturated sand, each shot could be fitted by
the Poncelet modal, but the drag coefficient appeared to'depend on the
striking velocity, which showed that the Poncelet model does not really
apply.

Drag coefficient var,&aLion along the trajectory was exhiblted in
paragraph 4.6. Although the velocity calculations of that section, each

based on average velocity between only two stations, tend to magnify an
error at one of the stations, they do show a trend of variation along the
path, more pronounced in the wet sand cases than in the dr'. The classical
Poncelet force law gave more conslutent results than a modification of the
Sandia empirical method. In all of the analyses of Section IV, force law
coefficients were determined to fit observed penetration data, an4 the
success of a model was judged on the basis of agreement between the co-
efficient valuea fitted to the differenL shots.

The cavity-expansion penetration model of Section V, on the other
hand, attempts to predict the penetration behavior from statically measured
soil properties. Deapite the rather strong assumptions involved in this
simple analytical model, it gave very good results fn predicting the behavior
for two flat-nosed projectiles in dry ,and. It was neeusary to assume a
shape for the false nose of sand carried alang by the flat-nosed projectile.
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An assumed hemispherical nose or a conical, nose with length-to-diameter
ratio of 0.4 to 0.5 led to very close agreement between the predicted
and observed position-time ant, velocity-position curves, even for shots
in a velocity range higher than the range for which previous investi-
gations had validated the method. the success of this model suggests
that it should be considered further, possibly for oblique impacts.

A three-dimensional trajectory analysis based on an assumed
three-dimensional differential force law was presented in Section VI.
The procedure was carried through for a case of a straight trajectory
with a drag coefficient varying with velocity according to a power law,
with reasonable resu.ts. It could be applied to a trajectory with an
angle of attack or an oblique impact if suitable force coefficients could
I determined or" estimated.

Fection VII reported on an independent investigation of ultra-
sonic wave speeds as a function of sand compaction and testing pressure.,
Several difficuitics were encountered in the investigation. Pulse shape
changes made it impossible to establish single broadband pulse propagation
speeds that were independent of path length. This difficulty was Overcome
by using RF bursts instead of single pulses. Group velocities measured
for these bursts gave (with an RF frequency of 0.5 MHz) consistent results
for ambient testing pressures greater than abotit 0.5 MPa, but at lower
pressures the signals were too badly distorted to give consistent results.
This is believed to be a result of the fact that the lower pressures lead
to lower wave speeds and a wave length of the order of sand grain dimensions.
It is recommended that in further studies of sound wave speeds in sand
attention be concentrated on lower frequencies, The group velocities showed
a greater dependence on the testing pressure than on the compaction state.

I
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APPENDIX A

DATA FROM EGLIN PENETRATION EXPERIMENTS

This appendix tabulates data from 7A show of the Eglin experi•aatal
program, using one page for each shot, and listed in order by Shot Numbers.
Descriptions of the various kinds of entries In the tables, both of experi-
mentally measured data and of several kinds of information calculated in the
data analysis, are given in paragraph 3. Further explanations of some of
the calculated data groups may be found in paragraphs 3.3 and 4.4.

SHOT 14 4 10 MARCH 1976. NO. 3 1

$AND: LRYs fjo.NSITY:15.36 KG/M**3' APPROACHING VELOCITY. 420. M/S
PROJECTILE: SOLICI FLAT NOiE MASS;4.5451 KG. D00o02 M@ L=0*225 H

X-RAY STATION *eooe,*@Oe NOel NO.2 NO.3 NO4 NOes

TIME (SECOND) soeo..... *006d24 .UOiJ04 .003401 o005621 .009161
CENTER OF GRAVITY POZITION (MI)

--HLhZONTAL o ooeoo.. --. 0:081 tio1(09 16.510 16.620 00909C
VENTICAL ............ 0.127 01J4 18.232 1d232 0.167

S~INC'L INAT ION ANGLoE ( traeG Uou lo0 0 SSe s -605

SP-PAR<ATI(UN ANGL"(DeGALE I•V Oe000000•00 eO •I **

ABOV& ... eo.......... **5**

UELOU .....o..o.....o WP9* ** 5*5* "*5* wo**
NOSE .IDTH CN ON FILMJ* GoOk5oi 0*0230 4**e 5*555 0.0230
NCSE. POSITION (M)

MCRIZONTAL .oeeeeee o 000. G 0o222 18.535 .16039 1"*0 13
VE.RTICAL .eeo*a**sees Coe1T 0.134 18.121 186121 U.154

INPUT NOSE POSITIUN (MI
H•N IZONTAL ..... 0.... Q.03vO . 1 *5*55* o*55*5 00993V~kT ICAL eeoeeo •J a- 0 •) se *** "00 60•

S I

II
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SONOT 15 1 1. MAftH, 19760 No* 4 j

SAND3 DRY* DEN.SITVJ:hS36e KGd140*.J APPROACHINU. VELOCITY W09o 14/5

PROJECTILE: SOLID FLAT MUSE MA55:roo545d KG.t Du0.02 Mv L-%)o22S M

XA-AY STATION esoe..... NO.01 NUOV NO.3 140.4 N005

TIMEl 4SECOND) eeoooo... .4000202 oQU1273 .003323 .005932 *909099
CENTER OP GRAVITY P0oisiioN £14)

HCRIZONTAL .......... -0oW84 000#bel 0.361 16.82o 19.125
VER4TICAL, oeaeoe.....st 0.119 #3 e24 ut 130 18.232 l8.232

INCLINATION ANGLI(QbG)* 00 cob 0.0 0*.*** .
SdPARATI ON AN(6L&( O&GFEE I

SELUS *ee*.ecaeeeeeeoo0* *$*0
NOSE WIDTH gm ON PILM). (6.0245 C*022b 0.*as225 .. 00....
Nose POSITioN (mi

HORIZONTAL esoo...... i,.0210 t9.171 0*474 1~6.39 19.144
VERTICAL @a.......... 001240 G.*125 4913U 180121 16.1A1

INPUT NO54i PCJS1TIUN AN4)

VeNTICAL .......- 0*099 -09093 -0.068 *00*8* *8*Ok**
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4phUT L6 1 Il MARCh. 1976. NO. I I

SANDS DRY* OdNSITY 1640. KCSM**.31 APPROACHING VZLOCITV3 kf2e 0*06
PMLIJLCTILL: SUCLW0 PLAY NCi.SL MASS:#o.4S1 KG. On0.Qd N. L=0*225 M

X-RAY STATION ooopoe*94 Noel N0.2 NO.3 "004 NO.6j

r104E (SECOND) 9o....... o*01070 .o0006ge 4003034 *005a68.**e
CENTER OF GRAVITY PGbITIUM 4M~)I

H4CIZ5ONTAL ......- 4#o08b fi q# 7 o..oos 0.746 19.125
VERTICAL oooeo~aeeoeo 141 00128 0.132 oi.153 la232

INCLINATION ANGLU~DEGis, 200 104 Sao 7.0 0****
~cSLPAAT MON ANGLI GhUok" II
ABOVE ..............., #*4.9 0*0 7.0 9*4* 4*0
BELOW ******.*.**.... 00w* 2.0 0*04 00*9

NOSE s10TH (M ON FILM). OeQW5Q Ge.Qa34 O.0240 0.0250 4*9*** I
NOSE POSITION (Mi

MIZkLLNTAL oo........ 0*026 0.170 0.515 0.860 19*144
VE.ATICAL ............ G*124 0.130 0.142 0.167 18.121

INPUT NO)SE POSITIUN (M)
HCRIXONTAL ooo....... 0*025 4o*&61 0.512 0eOO **44
VkkTLCAL oos......... -4oW9* -JU087 -0.072 -0.040 994
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SHOT 17 11 AC. 9~ O

SAN&.' DRV. OuNS&TV:15J3* KG6~.40sI3 APPROACHING VELOCITY: 912o 4#4S
PROJLCTILL: SOLID P-LAT NOSE MASs:Qo54b1 G eO. D0.02 M. LUC*225 N4

X-RAY STATION *aoe...,.* NOoL N(J.a NO03 NO.4 NCJ.5

TIME (SgCONo) ......... 90Gua,17 .4i0IJ07 90(.3540 *00622G *009140
CENTER OF GRAVITY POSITION (M)
PIORIZONTAL...e.. -0.071 0.146 0.486 0.6316 1.092
VERTICAL *.ieoo....e6* 0 o 1G Q *126 Q e 135 0f.143 0*162

INCLINATION AkGLEIDEG). l.b 2.3 4.(0 9.0 12.5
SLPARATION ANGLkt(Ut(.hL h
AbOVE *...e.......... 4.0 5.0 9.ci 9.5
BELOW .eeeoe......... 0*4* 2.6 1.6 1.0 1*.

NOSE WIDTH (M ON FILM)* (o*42#O 0909J0 GoO230 0.0239 0,02d..j
NOSt. POSITION INJ

HCRIZONTAL..**so***e** 0t042 Q.252 0.599 08.928 1.202
VER4TICAL ............ 0*124 0eOIJ2 0.143 0.16l 'D.I87

INPUT IýOSE POSITIC.N (M)
HCRIZONTAL .,....0.043 uo256 0.609 00941 1.211
VERTICAL ............ -O.C95 -0oQ65 -0.072 -0.012 -0o022

NOSE VEL* Y-COMP. (W~S): 7. 6. 6si 7. 12a

COEFFICIE14TS OF CUbIC PULYNOMIALO'STANOARD DEVIATIONI0*1220E, 00 tj.?YbaL 01 -0.6430E 03 0.6267E 05 /0.0013 (M)
NOSE VEL* X-COtD4P. (M/513 201. 178o 139.9 100. 86.
COEFFICIENTS OF CUbIC PIJLYNOMIAL/STANOARD OLVIATION
-0.45761-03 0.2054L 04 -0oll.16E 06 0.33779k 06 / 0.004J (M)

NOSE VEL. DIRECTZONCC.EG) 2.1 2.1 2.3 3.6 7.6
SEPARATION ANGLL(DEGRE~E)* RELATIVE TO NOSE VELOCITY
ABOVE sooso.s.ooo.... *4** 3.6 3.3 3.8 4.0l
BELOW 4*eeoooo....... **** 2.7 3.5 6.2 5.7

COG. VELo Y-COMdso (N/JSA: So $.~ 3. 4. 10.
COEFFICIENTS OF CUbIC POLVNOMIAL./STAtNOAR0 DEVIATION
OellO5E 00 0.8467E 01 -4.1420E 04 Qo.1117E 06 -e 0.0002 (M)

COG* VEL9 X-COMPe (MI'SJ: 200a 178. 1399 106. a66.
COEFFICIENTS OF CUB1C POLYNOXIAL/STAPJOARD DEVIATION
-0.1133E 00 0.2051E 03 -0.1108E 05 0.3.338E 00o Z 090043 (NO

PONCELET DRAG COEFF.*' 1.I644
VO a139. STAND. DEVIA. - 0.1,087 1Ni

C.G. VEL* X-COMP@ (94/Sl3 210. 18uo 139a 109. 890
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SHUT Ad £1 NaARCH. 1976. N4o. 3 1

ISANCs DAY* DatNSlTYVIbJa KG;/M9*.5 APPROACH1ING VELOCITY: 213. MIS
POJk.CTILL:: SOjLIC F~LAT NkoSk NASS;ý.*451 KG. D=Oo~g Me L-0.225 M

X-RAY STATION *........ Noel N~o.2 NO.3 NO64 NO.5

TIM& (SECOND) ......... eOOia24 .001.304 .003401 e0059.70 .009161
CENTdfk OF GRAVIfY PLpbITION IM)
NCRIZUNTAL .......... -0.073 0.a.36 .s462 0.778 5.065

* VERTICAL ............ (0t.194 v.14B 09133 0.143 001,59
INCLINIATION ANG&ALLEGI. 1.y6 2 @ ( 4.6 7.4 6.5
ABOVE *000600006..... 0*6* 6.5 goo 6.5 9.5

NSEPARAIOT NONA FILM)* GF02E) CopOid4 3.0230 0o0240 0.0255

NOSL POSITION (M)
NORIZONTAL *nCM oe O4FLLM): 0.2b 249 0.575 U6890 (1??7
VERTICAL oo.o....... .) o).12j 0.132 0.142 0.15? 0.1175

INPUT NOSE PO51ITk IMNIN

HCRIZONTAL oe........ 09U41 60959 0.661 3.901 1.186

NOSE VEL. Y-C0W'o (N/S).* 7o 7. 6o 5. 70
COEFFICIENTS OF CUb1C POLYNOMZALofSTANDARD DEVIATION

V.1217E 40 0.746ts~ 01 -49*~324E 03 u,.27079 05 f' 0.0014 (M)

NOSE VEL. X-COMP.s (0/.5): 200. 178. 140. 105. 78.
COEFFICIENTS OF ILU6IC POLYNONIAL,9 STANDARD DEVIATION
-4,.460LE-02 0*94~51E 03 -4.1114E 05 Ci.3059C 06 t 0.0044 (M)

NOSE VEL. OIRECTION(DCG) 2.1 2.1 2.3 2.9 44;6
SEPARATION ANGLb(OkGRLELI RELATIVE TO NOSE VELOCITY
ABOVE 0..0..00..0.... **** 5.6 2.7 2.0 5.8

Ceo. VEL. Y-CONP* (N/S:* 00 17o 140. 105 76.
COEFFICIENTS OF CUBIC POLYNOMIAL/STANDARD DEVIATION
-si.1165 00 O.2'93C. 03 -0.1107E 03 0*JOIIE 05 / 0.001945 ()

CeG. VEL. X-COMP. (0/3): kO0* 17b. 140 7.0 78

COFIINSOIUI (.NM^/T1DR EITO
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SHOT 19 4 It MARCH. 1976* NO. 4

$AMC: CRY. DENSITV:15.je. KG/M**J1 APP'ROACHING vELOCITY: 211. M/5S
Pk0JECTILE: SOLIUj FLAf NOSE MASS:Qo545s) KG. Dm0.02 M, LwO.2a5 M

X-RAY STATION 0e00..... Noel NO*.? N~o3 N0.4 Noes

TIME iSECUNO) ..... *W(jQa02 otou1273 o003J24 *005932 .009099
CENTER OF' CJAVITY POSITION (M)

HGAIZONtAL .......... -4,9068 60141 ui.464 40.783 1.072
VERTICAL ............ 0.521 4012b 0.J6 0.151 0.163

INCLINATION ANGLE(ULG)o 2*u 3.3 7.0 12.0 16o5
SEPARATION ANGLL~(UikGkEE&)

AbOVE. *....e..u*..... 4.0 sea 6.5 11.0 11.0
BELO~W e.............. 4.0 8.5 1.0 005 0.5

14OSE WIDTH 404 ON FIM). (p ol,ý943 0.0225 0*0295 0.0220 0.0225
NOSE POSITION (fth

HORIZONTAL .......... 0.U454 40254 0.577 09893 1.180
VERTICAL ............ #ý* 125 too a34 40150 00174 0.215

INPuT Nose POSITION (NJ
HCIIIZONTAL oo........ U0047 Q.257 0.962 0.699 1.18!i
VILATICAL *........... -0*093 -o#o8J -0oa 66 -09039 0.op0 0

NOSE VEiLe V-COM5~. IN/S): 9. so so 10. 16.
CUEFFICIENTS OF CUbIC POLY NOMI AL/STANDARD DEVIATION

0.12J-ae 00 0*8648E u1 -Q-030906 0.1 006144E 05 / 0.00005 4141

NOSE VEL. X-COMP* (M/S): ?0o. IOU* 14c. 104. 82.
COEFFICIENTS OF CVUIC POLrNUMIAL/STANOArQOLU.'IATION
0.4456E-02 Ook2U97 Qs -0&1?49E. n5 QoJ986E 06 /~ 0.0030 (Mi

NOSE VfiL* DIRECT1LjN(OE(v) 2.4 2.6 3.4 5.7 11.00
SEPAMATION ANGLk.(C'h~iEEL) RELATIVE TU NOSE VIELOCITY

AbOVIE oe.e.9....o.... 4.4 40j 209 4*7 5.5
BILLOW ............... 3.6 3.2l 4.6 6.8 6.0

CoGo VEL. Y-COMP& (M,'Sl: 69 5* so 7. 14.
COEFFICIENTS OF 4cuaIC POLYNOUMIAL/STANDARD DhVIATIOnd
U.1197C 00 0*66o46 01 -f0.7.6#QE 0.3 0.8547E 05 / 0.0007 4M)

C*o. VELe X-r-OMP. (M/S): 2t5, lace 1405 104. 832.
COEFFICIENTS OF CUbIC POLYNOMIAL/STANDARD DbVIATIUM
-091064k 00 0o.2dV6t 03 -Q.AgL36,E 05 i,.4934iE 06 / 0.0029 (MI

PONCELET DRAG COeLFF& a 1.694
VO a 205. STANG* LILVIA.* OR0.0098 (N)

Co6. V~L. 1X-COJMI' tM/5): 205. 176. 136. 109. 67.
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It WA1 AUCI1 1976. NO* 6

SANv: CHY. OENSLTY:A.133B KGS'M**3&* APFROACHING VELOCITY: 340#, M/S
PlO.GhLClILL. SOLIGi FLAI NUSL. MASS6(.5451 KG. DPL*UZ Me L009225 M

X(-NAY STATgX.tN vo*oofoep NO.1 rJ6) NO.3 Noe* MOOS

TIME (SECCO)d oceeo,... *0j~( ovO4832 *0021A3 e003795 *Q0P58G7
CENTLA OF GRAVITY PObITIUN (D.0)
HLAIUSNTAL *ae~eeeeee Ij.U8" Ue12a 0.444 0.753 .054
VEFATICAL **ooo....co. .0125 (06131 J0.133 0.144 GtI44

INCLINATION ANGLLC&)EG). Q9 008O 0 * -10? -2.3
bt:PAF'ATIONi ANGLEW(ULAjEký
AOUV= mooeoveseasooop *41*0 6.0 4.0 2.5 2s5
BELOW .. e............ q'*** 7.4. 5.7 7*0 6.6

NOSE. WRIDT (M ON. FALMD. £Co a 0 .o4Q '0,0 4*0225 090225 OoCZ20
NOSK PUSITION (CM)

H1LNIZONTAL ....... Utj3 fi. , Z39 0.7 0.6o? o66 1.167
VlEkTICAL #99......... 0.1A25 0 1 j; 0*136 0.140 0.140

IN~PUT NOSE POSITION. (M)
HCRIZONTMk. ooooo..... 0ou32 0024(o O.560 Oew1570 1.169
VERTICAL e..o........ -69493 -Contas -0.079 '-0.076 -0@077

NOS& VEL. Y-CCMPo 4M/.S? 1 , so jo -0. to
COEFFIC.IENTS OF CUBIC PCLYNQN!ALoSTAN9~AA0 ObVIATION
0.123?t 00 tov1166E 02 -(#9271ZE u4 0*2035E 06 of 0*0010 (9)

POSE VEL. X-COM~s (M/bi) .343a k74 0 215. 165. t1&.
COEFFICIEN4TS OF CU61C PULYNUMIAL/STANOARO DEVIATION

biu87E.-02 4*4246#E 04 -G*3ýolE Lt 0*167SE 07 0/ 0.0003 (M)

NUSE VtLL. DIEC CIG~NUEGA) 2.0 1.6 G.6 -0.0 0.3
ýSEPMhATIOiN ANGLE (Ui~lGiEEA. 9 ELATIVE TO NOSE VELOCITY

ABOVE o*ooo.ovooo. oo.Sko* 6.8 5.4 4.2 5ol

COG. VE-Lo V-COMP. (M/S): s. 7w s. 2. -10
CUEFFIC1ENTS OF CUBIC. POLYNOMIAL/STANEOARD DEVIATION

o.&i43vDL 00 0*6469E 01 -Qe9406*.E 03 (o.99984E 04 / 0.0006 4M)

C.G* VEL. X-COMPP CM/S): 313. 274. 215. 165o 141.
COEFFICII;.NTS OF CU!4.C POLYNCJMIAL/5TANEOARD DEVIATION

O.6121llf.4 ou 4£39of 3 -G.3(D10E 05 0.166GE 07 f 090012 (M)

PONCLLET DRAG COEFF. a 1&769
VO S2115. STAND. DEVIA. a 0.0036 (M)

COG. VCLo X-COMPe IN/6): J25. 276o 215. 160. 133.
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$MOUT 22 11 M4ARCH. 197'6o NOe 7 1

SANC: DRY. DENSITY:1538* eK6/M**3i APPROACHING VELOCITY: 328. MIS
PRIOJECTILE SOLID PLAT NOSE MASSD.5451 KG# 01:0@02 M. L-GZ2~5 M

X-RAY STATION ......... Nu.I NU.2 f1'0&3 NO.4 Noes

TIME (SECOND) ... a..... *000155 *000697 *002198 .003855 oOCS820
CLNTtR OF GRAVITY POSITION (M)

HCRIZONTAL .......... -w...&75 08129 00442~ 0.693 1.049

INCLINATION ANGLL(LoEGi. 1.5 2.5 4.04 7.0 900
*LPARATION ANGLt(OU.Gk.)

ABOVE v.............. G.0 68i 7.0 10.0 11.0
BELOW e..o.o.....,... 3.o* J0 JOG 2.0) 1.5

NOSE WIL)TH (N C.N FILM)* 0o.4JZb0 Q*0433 0.0235 O.024G. Qou23C
tNOSI POSITLuie4 041

HCR4IZONTAL e......... O.036 400242 36555 0.805 1.160
VEiATICAL toooo....... i.126 u*135 0.1463 0.152 01V169

INPur mubE PosiTioN imi
HUk4ZONTAL .......... 0.038 J.244 0.559 0.799 1.163
VEUITICAL. ............ -0o091 -ve682 -0.072 -0#06U -0.042

NOSE VEL# Y-COMP. (M/3): 13. IGO 5. 5o 14.
CJEFFICIENTS OF CUBIC POLY140M1AL/boTANOAkO DEVIATION

09.1247E 00 09149UL 04 -G.3347E 014 (1.4809E 06 1 0.0021 (M)

NOSE VEL. X-COMPe (KOS): .s72w 30). 167. 137. 259.
* COEFFICIENTS OF CUbI(. POLYNUMIA6/4TANL)ANL DEVI.ATION

'-0 .* 126E-01 k~as9b3s. 03 -Co*7622E 05 0*7393E 07 1 0*4202 ("0

NOSE VEL. DINECTIUNWIEG) 2.0 1.9 1.7 2.3 3*1
SEPARATION APJGLLk.cDGAEEJ. RELATIVE TO NOSE VELOCITY

AbUVLo .e*.ee.**e. *** 5.4 4.7 5.3 5.1
BIELOW......... *4 3e6 5.3 6e7 7.4

C@Q. VEL. Y-COMP. (MIS): 12. 8. 2. 39 13.
COEFFICIENTS OF CUBIC POLYNU#MIAL/STANDARO DEVIATION

00.a41E 00 091364*E 02 '-094U45k 04 0*4636im 06 1 0.0013 (M)

C*G. VEL. X-COMP* (N/SI: 372e 300. 167. 137. 259.
COEFFICIENTS OF CUUIC POLYNUMIALISTAN&oARL DEVIATION
-i.I269E 00 Q*J9ýDl 03 -0.7611L 05 4o.7381E 07 of .G0202 (M)

PONCELET DRAG COEFF. A 2.498
VO =372. STAND. DLVIAe - 090503 (M)
CeGe VEL. X-CCJNPe (M/tW) .72* 3604 202. 147. 112.
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43 Al1 MARCH9 1973. No. 8 1

$AND: DRY# DENS1TY:1S.S8..CGIM**4; APPRi.IACHING VELOCITY: 3289 M/S

A-kAY STATIGN ......... NUO. NO.2 NOeS NOW4 Not$

TlMli (SECOND) ......... 40001494 *00084o5 *0021w$ *003777 o005789
CENTER OIF GRAVITY POSITION (M)

HCHIZLJNTAL .......... -. Ue$1~ 09133 9;0.444 0.766 IJ057
VERTICAL *aeswoeo....lil.to A.2 .130 0.136 0.143 rJ14

*INCLIHATION ANGLkL40G)e 2.u I.5 2e2 3.7 6.5
Sr-PARAT IUN ANGtt(ULGbqtE )

6ELOW ............... 4**. sej 2.5 2.0 1.5
NOSE~ *IOTH (M ON FILM). U.0~d6IU 0.0230 0&0230 0.0235 0.0240
NOSE POSITION (N4)

4CRIZONTAL .......... 0.042 uP246 0.655 0.679 110170
VERTICAL ............ foel,5 l;.143 G.141 0.150 0.157

INijtjT NOSE "-1051t.ON (M)
NCR14U.NTIL .......... 009043 ce248 0.661 0.686 1.175
V~kTICAL ............ -t -0.04 -0.075 -0.063 -9#054

NOSE VEL. Y-COMP* (M/Sl: 10. 8. 6. 40, 3
COEFFIICtENTS OF C4.e6IC PULYNOMIAL/STANDAR0 DEVIATIGN

091246E 00 0*1G0i4 02 -0e1iU69k 04 l).5402E 05 / 0.0013 (M)

NOSt VEL. X-COMP* (D4/5)Z 309. 274s 216. 165v 131.
COEFFICIENiTS OF CWbIC POLYNUMIAL.#'STANDAPD DEVIATIONz 490eU 0*31bft VJ -0@2726E 05 0*13OSE 07 / 0wQ(53 (M)

NCJSL VEL. DZRECTIC ULJG)Is J.8 os 1.6 1.5 1.3
StýPARATION ANGLkha*w.R~EEi RELATIVE TO NOSE VELOCITY
ABOVE ....... * 6.3 3.9 3.3 3.0
8ELOW .........a......*4 4o7 3.l 4.2 6.7

CoGe VEL. Y-COMP. (M/5S): lie 96 So 2. 0.
COEFFICIENTS OF CUbtC PGLYNUM I AL/ T,40 ARID LZVIATION

4e.1206E 00 G.1163E 02 -DeIV24E 04 0*1119E 06 / 0.0016 (M)

4.&G. VEL. X-COMI'. 4M/b)3 .309o 974. 216. 166. 132.
COEFFIC:ENrs OF CUbIC PULYNUMIZAL/STANDAPO DEVIATION
-401t479E 00 0931b4t 04 -0a272JE. U5 CI*1309E 07 / Oe.00S 404)

PONC&LET DRAG CGEFF* - 1.723
VO 218a STANU. ~V1VAe v G*G1C6 (M)

Ci-G* VEL. X-COM. (M/S13 326mi 279. 2111. 171. 135.
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SNOT 2% 12 i A&CHo 1976. NO@

SAND2 DAY* DIENSZ r:1s38. KG,*1 u**3 APPROACHING VELOC; TY: 32?. M/35
,OROJECT1Lr3~O..l FLAT NOSE *NASS3Qob44J KG* O0=002 N. L-0.225 M

X-RAV STATbON ......... Noel N'ri.2 NO.o3 NO.4 NL.#5

TIME tSECOND) ......... *0(4(&130 .000646 .002019 *003616 o*005696
CENUER OF GRAVITY F'CSITION (Mi
t1CRIONTAL oo..,.oos -0.089 wells5 0.402 0.710 1-024
VERTICAL ct 0.... 19 (06130 v c135 0.*139 0.14b

INCILIC-4ATtON AN G4.f %DEGi. OU0 2.0 203 4.0 s.C
SEPARA1'ION AN4.Lýý(Dt(rvE )

NOSE wIOTH (M ON FiLM). Qo.0aG .4.fa23 Go0223 G*0220 o 050ddC
NOSE POSITION (m)
HCRIZONTAL .......... G.U26 3*2Z8 0.515 0^623 le137
VERTICAL ............. 0014t 061-14 C-0140 C.147 00154

INPUT NOSE POSITIUN (M)
HORIZONT4A. soe....... 0.00i1 Oe228 0.513 0e821 1.136

NGSE VEL. Y-COMP. (W/S): 10. so 50 3. 5.
COEFFICILNTS OF CUUIC PCJLYNON1AL/STANOARO DEVIATION

0.12566 00 G.1i,46E Ged -O.1641E 04 (oiS67fE 06 / 0.0015 (M)

NOSE VEL. X-caMP. (04/3): '7v 270.o 219. 170a 140.
CUVPFICIENTS OF CUBIC PM.Vr4A.NIAL/STANDARD OLVIATIOM4
-0'*s2SE-01 0.J142& 03 -0.2b16E Ob Qi505E 0'7 /' 0.0016 (M)

NOSE VEL. DIRECTIuNCLMG) 1.9 1.6 1.3 1.1 1.9
/1.SEPARATION ANGLk(ULkGREkIE. kti-ATIVE TO *NO5F VELOCITY

ABOVE o,*&oce~**o**eo 0* 4.6 3.8 2.1 1.9
BELOW oooooo...oo.... 404ý 4.2 5.4 4.6

C*4.C VEt.. Y-CO"P. (M/S): 0. So 3. 2. 3.
COEFiFICIENTS OF CUbIC PULYNON£AL/STANODAbD DEVIATIOd-

IoI258E 00 Ov94 01 -0.8590L 03 0.7040E 05 * 0.0002 4M)
C'4e VEL*. X-CONP. thf~bI 307.o 270. 219. 170o 140a

,OEFFICIENTS OF CUbIC POLYN'OMIALt'5TANDA~kO DEVIATION
Qo.1293E, 00 0.3lt2E U3 -Co46e14! 06 OeI500E 07 / 0.0CI0 (W)

PONCELET DRAG COPF~F* = a 2
VýO V219. STAP:Ao LEVIA. 0.0OC46 (N4)
CGo VELc X-C.MP* (N/b)z 320 273o 219a 17,70 135o

RECORDED TIXL OF MAXIMUM/MINIMUM COIL VOLTAGS (5)

MAX *000a2t VO19 *0035Z9 4005411
"kIN .001712 .OU2771 .004675 9006904

COMPUTED NOSE P1jSIT ION AT 01AXf9NIN CCIL VOLTAGE 414)
AT MAX 0.iQ2 0.494 0.808 1.099
AT MIN 061104 4.070 aw971 4*306

RECORDED C0E.. POiSITION IM)

0.0 0.486 0*770 *7
CIFFERLNCE BETWEF~N CUIL AND) NL~SE~ AT MAX/MNI VCLTAGE (M)
AT MAX o).02k 4.008 (4,N3w 0*023
AT MIN 0019,4 Coo184 0ýl 0*230
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SAND: DRY. DfSATY;1e548o KGoPM0036 APPAO(ACtlING VELOCITY$ 406, N/*S
PNOJL.CTILb.. SOLU, FLAT NOSE MASS;0*6444 KG. u0*002 Me LuO.*25 M

A-RAY STATILJN *goo***** NUeI No* i NO.3 N00.4 Noes

T1Mbk (SECOND) ........: 40QUA91 oVOC0681 *0ooaW3 .o0osQ9 .004613

CUN1ER OF GRAVITY PU.%ITIDN (M)

41NCL1INAT30N ANGLE((.EGI. 0.0 2.0 3.5 Too, 9.00
*tfJ;4AT1GHb ANGLEL(PLNL )

ABO(VE ..............o 6.0 6*5 700 40.0

NU5a 61OTH (M4 ON FILNis G.I1240 0.4h2Ju U.0225 0.0225 11.0225
NiOSE POSXT IU-N (941

4ChiXONTAL oo........ 094ia U6231 0.579 0*63e 1.136

INPLT NOSE PGSITIUh (M)1

VEh71CAL -U9084... -uO~ w*075 -0*.~.5 -0.055 -0.041

NOSE VCL Y-COMP*. &be53 6 12. a, 6. Ila
CUtiýFICIENTS OF CUBILC POLY NUMI AL/5 TANIDARO DEVIATION

$(*130bE QvU Oo.7L~k u2 0.*JVSBE 04 0*4746& 06 o* 0*.0005 (M)

NUSd VELe X-COMP9 (N/31: 361. J350 266. 206. 176.
CC..IFICILNTb OF CUtOIC PCJLYNUNIAL/S TANG AqD DEVIATION
-0*1V64iF-Ql U.'A7 3 'U.#d.94t 05 O*JIZ1E 0? .' 0.0052 (MI

NCSE VC.... DIRECTLU'41OLG) 2.4 201 107 1.7 3.5
5,LPAAATiON ANGLE (.jiGrEE? RELATIVE TO NOSE VELOCITY
ABOVE oo:ecooeocese.. 0** be1 407 1.7 4.5
dELOW ....... 4.4 4.6 0.n 5.5

CaGe VEL. Y-COMPo (94/5): 12o so 3. 24 go
Cae.FFcICALNT3 OF CUbIC POLVNUMIALfS7ANOARD DEVIATION

geZl-J.bE 04 Oo12#.6L. (o -094ý463E '1 057761E 06 / OeUOZO (M)

Coc.. VEL. X-CtWf-s (N/Si: 361. 335o 266. 207. 177o
COEF~FICIENTS JF CUH114 POLY NOM IALeSTANUAR~O DEVIATION

_401396E 040 0.3915 U.; -0&4069E 05 Coo3092E 07 /* 0.0054 (M)

POiNCELET DRAG CLoLFFoi 1,,684
VO £266. 3TANoD.L~VLA. a .e03S (M)

C.Go VEL. X-COM~o (94/b): .189. 334. 266-m 211. 169o
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SHOT j16 4 £J( MARCH. 1976v NO. 3 1

SAND: DRY. PENSLTY:IS.36o k"0G#*039 APPROACHING VELOCITYS 406. MIS
PROJECTILE: SOLID~ fLAT NOSE kASS:O.5443 KG. 000902 14. L=4D225 M

X-RAY STATION ......... NO.1 NO.2 NO.3 N0.4 NO.5

TIME (SECOND) seese *.G04908 *00017b .O4ý1067 9003003 .064582

HGAIZONTAL .......... -41*06b 0.119 00424 %J.7J0 1*035B
VERTICAL ............ Coo&34 0*1I40 0*146 0.153 0.160

INCLI14ATION ANGLa.(Uf.Gi. 0 ou IOU 0.5 -1.5 -60.
SEPARATION ANGLE(O&GAEE I
ABOVE o........oe.. * 0. 0 5.0 3o5 2*5 006
BELOW ....... . *w**. 4.0 4.5 3.5 s.

NOS& WIDTH (N ON FILM). G *0254, Q.02426 0.230 0.01230 0*0.Ogg5
NOSE POSITION (NJ

HCRIZONTAL o.....a... 0.027 0.232 4o533 0.843 1.147
VEkYICAL oa.......... 0.144 0.142 0.147 O.I5re 0.148

INPUT NOSE POSITION (NJ
HORIZONTAL .......... 0.024 0.232 0.533 0.644 1.148
VERTICAL ............ -0.081 --Qe074 -00068 -0.004 -0.007

NOSE VEL. Y-COM~e (M/S): 13. 9. 4. -00 -to
COEFFICIENTS OF CUBIC, POLVNOMIALISTANDARO DEVIATION

0.13321. 00 4*1376E 02 -0.35641. 04 Q.2793L 06~ e .0013 (M)

NCSE VEL. X-COMPo (M/6S): 363. 336a 267o 209. 165.
COEFFICIENTS OF CUBIC PULYNOMIALISTANDAR0 DEVIATION

-0.1469E-OI 0.39411. 03 -0346031. GS U.33961. 07 / 0o0015 (M)

NOSE VEL. DIRECTIUN(DEG) 1.9 1.6 0.9 -0.0 -0.4
SEPARATION ANGLL.(OLGALE)e RELATIVE TO NOSE VELOCITY
ABOVE ............... S.6 3.9 4.0 6.1
BELOW #**oe.ooo**.... 3.9 4.1 4.0 2.9

COG. VEL. Y-COMP9 (MIS) 9. 6. 6. 5o 5.
COEFFICIENTS OF CUBIC POLVNCJMZALISTANOARD, DEVIATION

0.13341. 00 C.968UL OA -091439C 04 0cI306E 00 e 0.0007 (MJ

COG* VEL. X-COMP. M/) 36.S 336. 267. 209. 187.
COEFFICIE14TS OF CUBIC POLYNUJMIAL/OSTANOARD DEVIATION
-0.12771. 00 0.3942E 03 -0.46141. 05 0.3432E. 07/ 0.0Oo014 IN)

PGNCELET )DRAG COEFFe a 1.649
VO -267p STAND. DEVIA. 0a0025 (MJ

C*G. VEL. X-COM~o (M/S): 386o 333a .267e 212o 170.

RECORDED TIME OF 8MAXIMJM/0MINIMUM COIL VOLTAGE IS)
MAX .000099 64001594 000281,4 .004427
MIN *00e#,6k .002307 .003947 900565c

COMPUTED NOSE POSITION AT MAX/4MIN COIL VOLTAGE (NJ
AT MAX 0.Qie4 0.509 aoS1.3 tolls
AT MIN 0.21'* 06809 A.029 1.349

RECORDED COIL POSITION (M)
000.486 0.775 1.076

OIFFLRENC.E OLTVO.kN COIL AND NfjSE AT MAXI'MIN VOLTAGE (NJ
AT MAX G *(Odd 40023 0.035 0.042
AT MIN 0.214 (0.24ý3 0.251 0o273
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bhO~T 97 Ik igAkCN. 19709 NO. 4

iANG: D)RY# cNSITY:1536* KG/0*03** APPAUACINN6 VELOCITY3 40.9o MIS
P~uJLCTILE: bOLtU FPeAT N4.~bE MASS:-io.!,443 KG. Dm0.02 M. LE09225' M

X(-RAY STATION ......... NCA 6 No@ ; N093 NO94 NO.5

TIME (SECOND) oooo..... *00JId1b o%.%o.68I oGCuI7o3 .0030153 oto*4626

HCRiIdOhTAL ****as**** -06Lb7 4;*119 0.422 0.732 C*95#;
VkR ICLo* o s )94 412 %*161 0.169 Co176

£ NCLINAT:ON ANGLFA:::).o. 00 00 -Co i2*5 -
SEPARATI ON ANGLcl.( O.(4EE I

INGST NOSITO (A)lLic N

HCRsIZL)NTAL oooooooo*.... Z Q.4 0.923J 0.535 0.846 1.051

VERTICAL ossawooss... -*49070 -volJ62 -0.053 -0*040? -0.0-0

NOSE VhLe V-CUMPw (M/4i: Lee 12o S. 2o 80
COEFFICIENTS OF CUUIG (VOL.YNUMIAL.'STANOARD L)EVIATION

0*16OVE 00 Oeilipbe (2 -Gm6G71L 04 U.7017(t 06 / 0.0005 4M)

NOSE VEL. X-COM.-' (MiSl: J71. J36 273a 169. d4e,
COEFFIC1IENTS OF CUbIC POLVNUMIAL/STANDARD DEVIATION
-001505E-01 0*377UL r3 -to@3029E 05 -*o2l30E 06 /1 0.oCC2 (Ml

NOSE VEL*. DIRECTION(OL((. 2.4) 2.1 1.1 0.6 5.0
SEPARATION ANGLL(OcGbkEEh. RELATIVE TU NOSE VELOCITY

ABOVE voeoe........... 6.6 4.'t 4.1 ICoS
BELOW **aoooooooo*9oo 36S 504 .3o9 9

Ceo. VEL*, Y-COMU~. (M/6): 16. 11., s. 4., Go
COEFFICIENTS OF CUUIC POLYNUMIAL/ISTAFJOARiD OfrViATION
0.1413E .00 0.174J8E 02 -Ce,.368E 04 4i.J57LE 06 1 0%0010 (M)

CoGs VEL. X-COMIP. (N/SI: 37*. .3J.0 273. 169., 84.
COEFFICIENTS OFCUI4IC POLYNUMIAL/bTANDAl4O DEVIATION
-uo..2b9E 04) Ue37611. 03 -G.3Q29E 05 -092.3IJE 06 1 0.0073 IM)

PONCELET DR4AG COEFF. f1*6
VO w273. SIAN~o OEVIA. = t0.0350 (M)

CoG. VkL., X-CQOm~ 4N/bi: 413o .S490 273o 213. 168.
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h~oi 1 29 lit~ MARI.M. 1976. NO. 6 J

SANO: QRV9 DL~N5ITV:&5bJO. I((U'M*#S5 APPRUACHING VELOCITY: 4GS. M.06

PRL)JECTILLZ SOLID FLAT NGS& MASSZ:..5447 KG. Onuo3e1* We L=0*O225 k4

X-R4AY 3rArION o~s~so... NO.oa NO*.2 N4003 NOx4 NO*.5

TIML (SECOND) ......... eUi0(v77 94)00635 .'J01656 .002834 oCC4567
CENTERN UP GRAVITY P'ublTION 4M)

*ILRIZONTAL o......... -U*Qd5C 0;02(1 0.421 0*701 1.031
VERTICAL 49*...e~ 1M5 kd.122 ii.130 0.132 U4126

INCLIN4ATION ANGLE(Ut~G) -1.0 'l.5 '-4.0 -605 -Gtcp
SEPARATION ANGLE( Uk&aErm
AdCVk #.............. 4.0 3.0 1.5 o

NOSE moIOTH (04 ON' FILM)*. oiM 02 jo 10*42JI, 0.0.30 Oe0C2 A
NOSE PGSXYRON IMb

INPQT NUSE POSITLieN 4mi
HCRIZONTAL seecos..... Q*U5 uo23,3 ('.534 U,1609 lo144
VEkTICAL ...........oo -#l.huS -UsI .i0 -0.096 -Vo.100 -091095

NOSE VEL. Y-COMes, 4HOS): as. 6. -0. -4. 2.
COEFFICIENTS OF CUbIC. PULYMUMIAL.OSTANOARD DLVIATION

Q*I1A*E W.' JolvbEb 02 -0969117E 1.4 C.78Q3E 06 / 0.i000 4M)

NOSt. VEL. X-COMP. (S 387o J.37. imb5 21(. 185.
COEFFICIE~NTS CF CUbIC. POLYNOMIAL-I!PTANDARO DEVIATIUN

-Q*&'4b.E-U2 0*9J 63 -Qa4bJ?E 05 Qo.JIIE 07 /f G.0031 (M)

NUiSE VEL. DIRECTIUJN(UtGi 2*9 1.4 -0.1 -1.2 .0
SEPAR4ATION ANGLt.(QGI.Le.) #%LLATIVd TO NGSE VELOC(TY

AbOVE ........... ,.. *94 6.9 6.9 6.8 7.5
dt%...OW ........ 99 6.1 6.0 Sol 3.6

C.G. VEL. Y-COMP* (MN'S3 16. lie 40 -to -4o
COEFFICIENTS OF CUbtIC PULYNOMIAL/STANDARD DEVIATION

0*.3zS2e 00 0*14io3E 12-0*459JE 441;332SE 6/003(M

CeG. VEL. X-C041. (/Sl: J8e'7 336a 265. 210. 185.
CkULFICIENTS OFP C~hbIfC PULYNOMIAL/STANOARD DEVIATION
-0*11#659 04 0.3v4lE CQ. -0*4646E 05 g.J67CE 07 / 0*0033 (M)

PONCIýLET DRAG COLPFF - 1.706
VU a 265s, STAN09 OLVIA. - *#.0025 (M)

Co.e, VEL. X-C3MP9 (4M/.%) 3689 .333. z6be 214. 167.

PkLCURUED TIME OF MAAIM4JMO'MINIMUM COIL VOLTAitIE (S)
AAX 004006k oc1u1564 vova664 .004474
MIN 000~6;5u 00402aft .043762 .00S542

COMPuTED NOSE POSIT Ush AT MAX/MAN COIL VOLTAGE ('4)
AT J4A. 004023 0.511 49618 &9127
AT MIN 092*.4 U0669 00.995 19330

RECLk~rZ0 COIL POSI5T I ON (M)
vo06486 0.778 1 s0T6

DIFFL~iNCE BE T WkLN COIL AND NOaSL AT MAX/WIN VOLTAý'E (M)
AT MAX 0OQý3 QsU25 uou4j , '. (;51
AT MIN 0 l 0*2" .~7 0.254
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.w&o X; 1 14 MANCH9 1976. NO* 7 1

SANCA: ORY. DENS~T'r3b-480 Kb/*M*.JI APPROACHING VELOCITY: 3052o Mi'S
PA4CJLCTILEZO SOLSL bI(UNZC AtASS:Oo4964 KG. D0~o.O Me. L100.26 M

X-SAA bTATICJN oo.,..... N~o1 141 a2 NU..3 1404 Noes

cire OF GRAVI1V PU~iIT10N (M)

HLkLiCUNTAL voeseeeaeo 4-f.O~k 0*10V~ 00408 0.718 10094

INCLINATION ANGLkd~t6)* o 1.0 aes 6.0 51.0
4LPAkAT IQN ANG tOLG#%LL IAgUVE. ........ 0..0 4.5 G.0 6.5

I !INP~jT NOSE POSITIO.N fM)
HCAdZONTAL .......... 00.2~8 0.221 .*529 .0839 1.215
V~hTICAL o~osooooo... -%).1*u6 -o.u9 7 0.0cs8 -0.074 -C.C33

NOiSE VELO Y-CLOM(f, (N/Sj 14. 1ti. 8. 14. 36o
CUEFFIC~tNTS OF WUbIC PULYNL.MIAIL.STANCIARD DEVIATION

Q%11)27E 00 1;*14V7E £.2 -G.45300E 04 U.1019E 07 /* 0.0007 (M)

NOSE VEL. X-COMPo 4MI-W: 349o J24o 263e 242e 193.
COFFP1CIENTS CF CUbIC- POLVNOMIALZSTANDARL' DEVIATION
-Q*9872E-02 0*35jVE 63 -u..2290E c;5 0979051i 06 .0 0.0019 1041

NOSE VEL. DIR(UCTIOt.(DEGI 2.3 &*a le7 3.3 11.1
SEPARAT13N ANGLLivit"LeEI. NELAT1VE TO 140SE VE...OCZTY

OELOW ooooo.estooa,*o 2.6 3.7 1.4

CiGe VEL. Y-Co,~o (M/SJ: 22. 7o 3o so 32o
COEFFICIENTS OF CUbIC( POI.YNOMIAL/5TANDARO DEVIATION

90112?E 00 ;*1,36b89 02 -Qo6&oI0E 04 0.1159E 07 / 0.0001 (M)

CoG. VEI. J(-COMPo tM/b): 349. .324. 283. 243e 195.
COEFFICIENTS OF .CUbIC POLYNOMIAL/STANDARO DEVIATION
-o00;SISE 00 CoJ~33. 43J -U.2275E- 05 OeG602E 06 / 0.0019 (M)

PONCLL.LT ORAti CCLFD'. a 0.910
VO a349o STANO. IJEVIA. - 4.0058 (MS
CoG. VEL. X-COM5P. (9/b): 349a .521. 286o 244. 206.
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SHULT 41 19 MAACH.s 1974. NC. 0 1

SAND: DRY. DENSITV9*lbJ~e K.G/M**.S£ APPHOACHING VELOCITY: 352. M/S
PROJECTILE: SOLID 8ICONIC 14ASS'O'(P4964 KG. OwO.O2 Mt. Lu(.226 14

A-I4AY STATION Poooo.... No.1 NO.2 NO.3 NO.4 Noes

TIMi tSECONO) ooo...... .000139 .e,4iU672 *UGI694 .002796 .004.Q33
CENTER OF GRAVITY PGSITION (M)

HCkdCONTAL .......... -0ogbI 00130 0.406 0*697 1.019

INCLIkATION ANGLI.(ULG)o 1.5 3.0 5.5 12.0 19.0
SEPARATION ANGLL£OEGk&L)

AbOVE *o...oo.. ooo. ... 000 6.0 6.0 10.0

NOSE *ADTH (A4 ON FILM). 0,0245 0.0235 L4.0925 Q.0220 0.021C
NOSI. POSITICN (MA

MCk1LONTAL o......... 0.U41 U0222 0.528 0.616 1.134
VEkTLCAL soo.o.....e. 0.113 .ae21d 0,135 0*16ý2 f0229

INPUT NOSE POSITION (M)

IICRIZONTAL o......... Q9.4*? f49221i (.527 0.814 1.134

NOSE V&L. Y-CUMI. (M/Si: 130 14.3 too 31. 620
COEFFICtENTS OF CUkBIC POLY NUMI AL/STANDARO DEVIATION

0.1117E 1)0 (oJ.14J1- *J -0o.1s42t 04 091094E 07 P" Q0.o007 (M)
NOSE VEL. X-CO#46-. (14/S): 346o 423. 201. 239a 185.
COEFPFICIENTS OF CUBIIC PULYNGMIAL/STANOAkUL DEVIATION
-0*0516E-02 093Wd4k O4 -Vm2406E 05 4940U55E 06 / 0.0026 tM)

NOSE VLL. 0IRSCTICJN4V&GI 2.1 2.3 3.6 7o4 10.4
SePANAT1ON ANG&Jz~( EULEI. ALLATIVE. TO NOSfE VELOCITY
ABOVE **.a%&*. oaooo.4.8.*00 4.1 3.4 9.4

CoG. VEL. V-'OW., (M/Sl: 12. as so 20e 54.
C0IEFFICItNTS Ow0 CUBIC PUL~hiUMZAl-/STANOARO DEVIATION

49&U7VE 00 0*135i.SL OZ -0.5b91E 04 Qm16421 07 / 0.0012 (4)

Coe. VhL. X-COM~b. JN~ 46. 323. 282. 241., 1839.
COhFFICIENTS OF CUbIC POLVN~jMlAL/STANDAR0 OLVIATION

i).1283E OQ W3~1 uJý 2 146E U5 .4*85CE 06 / 0.0028 (M)

PONCELET DRAG COFFF. a (1*9Jf
VO a346v STAtIC. DEVIA. = fj(oQ6~3 £141

C.G. VEL. X-L.OMPe (M/b): 3-6.o 319. 278. 244* ?c9*
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6MC'T .1 VAAEho IV76* N4O, t

SANC: DiAy. DkN3ITV:&%38. K604M0041 APPPOACH~t4G VE~LOCITY: 334* Al/S
PF404cCT1LE-3 b%3LiC) k'LANIC. #AS,"U.J49Vjb or6. D00*GZ 04. L10226 $

X-kAV STATION oa......,. NU.1 NO.2 NO.3 NO.4 NO.5

TIME 4SLECONDO *ae.. 00612* sU0O)bT2 *0o.Io94 .002961 *6042366
CENTk.R OF AAVI1Y PObITION 00I
HCRIZONTAL ......- 0*.474 Get*$ 0.40? 0.739 1.007

AINCLINATI,..N ANGLE(OLGIo Z.o 2.5 0.5 *15.0 29.0
LEPARATION ANQLh(DtC44,&)

NOSki ~ir-TH (M ON PAi.Mh. u*0251; 0.023% 0 o0230 Q.0840 **0J!65
NGSE PO$ITION (M)

MCk'ZLONrAL ...... 00044 0*2a27 0*529 004057 1.114

INPUT NUSE PU.SITIuti 491

HCREFFodQNTSL OFvo"*j 4; 0*22M!7~TNDR 0*VIA 086 10

NOSE VEL. V-COAL'. (M/,5): 10. 13. 22. 41. 69.
CCEIFF1CZL.NTS Of CUuL&, P(JLyN4,iMIALd'STAN0ARD DEVIATION

0*1(ob2E 030 OobV 01 0*1641E 0t4 3*6216E 06 .0 0.0015 (M)

V ,6J 1IeE- UZ Q*.3J61 (3 -fJo14541E 4,5 -0.5233E 06 ** 0.0037 (M)

NOSE VEL. OIRECTIU.(UELGi Is? &044 4.5 10.3 22.6
bEPARATION ANGLkL(Qk.G)'E)9 kaELATIVEi TU NOSE VELOCITY

BELOW ...............o o*4** 44 ** 4

Coe. VdL. V-C0Mko' (M/b): go as 12. 24. 46.
COSFFICIENTS 07 CUBIC PULVNUMIAL/STANDAAD DEVIATION

J*1U22L 00 OoioA?bE 01 -0*1509et 04 0.6817E 06 / 0*0020 (M)

CeG& VEL. X-COMP* 4M/51: 34J. J16. 2010 232. ITS.
CUE~FFCIljNTS OF CVUIC POLYNOM1ALZUTANOARO DEVIATION
-0.IASIE Otc Jo~bi 03 -Cool5.1E 05 -Qe*91SE 06 / 0oGO32 (M)

PONCI.LET DRAG CCLtFF# - Qed615
VU 333o STANL.o OeVIA. 0 U.0116 (M)

Cars* VEL. A-COMP. 4(/%) 333. 369. 273. 236. 210.
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SINCLINDRY* AENG4.LVLkG).%l -4Gf*.J4 APPROCHIN VELOI.Y 440.

X-.PRAYTATION AC4oi44s.oILek hokIet Ne ~4 N0

TIME (SCCOTD vais ooari FIMIoo05 0Q~( U o30 ****** *004303
CNTOER POSfIO G (MIy aio4)
HORIZONTAL s....e.*%o' -oolQA 4W.agU v*85a 28.83? ig.a*.

V~~......a.. *o~os*~ 0.0 (2 04 (fG6 1G..21 160121

NOEPOSIIO NU 4 L3KIQ £

NCRIZONTAL *.......... 0.0b4 0.099 0.560 ** ***
VE~kT.ZCAL _...... 0012 _00140 -0*20C ******



OAIW DE 4 C13NH~.17.h.ONSITY41538 KG.4M*$3; APPROIACHIING VELCCITY: 413. AV&5
Pbk.JLCTILE: HU~LL091 auI;QNil MASS:0o.44J KG# OuQo(o2 14. LGO.226 M

X-RAY 5,*ATJON ......... Noe.1 NO*.2 NOel NO114 NOeS

T106 (S~tCQIN) .......... .0OO139 #404i774 9001Y03 .002811 *V043t9
Ce~hrER OF GhAV1TVt PlobT RUN (041

tIONIZONTAL .a.......s -Q*4053 Q10 1Si C.4TS 11.3*13 19o04Z
VERTICAL c........ 00)107 000%12 180121 160121

INCLINATION ANGLLkCDE.Gi -1.7 -50,j -8.6 0.00

SEPAF'AT ION ANGLi.(UE.GR~ia)
ABOVE oe9#@aeo&*0 104 1.00

BELOW ............e.o 000* 6.5 6.0 ** 4*

NL)SE WIDTH (M ON FILM). VoUg!i Uio023b .i.0250 **e 4..

I 1INPtir NOSE PO0iITIlih (M4)

VERTICAL ..t,........w i..1Z5 -012 -0c 1 6 3 4* **



SHQaT 3b 1 13 MtAkCH% 19T6. th0 6

SANLI: DRJY* DENSITYVIS3be KGi'40*3; APiOROACHIN~G VELOCITY: 30 M/S
PIk0JECTILE: HOLiLOW bICLNIC MASS$0eJ'f45 KG. QwO*32 M. Latom226 M

X-RAY STATIf#N ......... Wl a Nlu* NO.3 N004 NO.5

TtNE (StCQND) ......... .(aOu1.S9 *,00G790 *041919 *003514 o005418
CENTEfl OF GRAVITY POSITION (NJ

HCJRIZONrAL wooesooboo -Q#063 JoI46 004*co 0.770 1.092
VERTICAL ........... C. o i ~.96 b ,14 0I115 0.143 1ý o 90

INCLINATION ANGLE(DLGI. lob 4.0 6.0 7.5 14.04
SF.PARATION ANGLhADEGRE~E)
ABOVE *............ 5.0 7*0

NOSE mIDTH (N ON F~ILM)& 0.0246 0*023ýo Jo0240 0.0US'Q Q.031.
NOSE POSITION (Ni

.ICRIZONTAL .......... 00QJ9 0.247 0q541 0.876 1.191
VERTICAL oo*s**se*ee* Ue09" jo1lig 0*126- 00157 G.215

INPUT NOSE pos!Tza (M)
H4ORIZONTAL owo....... 0.G3ro W05 0.543 0.8ev 1.218
VERTICAL eaeos....... -4*125 -v.111 -0*092 -0.053 0-6049

NOS0E VEL. V-COMP. (MtS): 16. 15o 16. 23. 4J.
COEF~FICIENTS OF CUbIC PULYNON1AL/5TAI.DARO DEVIATION

009669E-01 00&.LýbE ok -.. 1~34je 04 0.4449E 46 / CoOC08 £I4)
NOSE VEL. X-COMP* (N/S): 3.35. 04950 238# 183. 157o

COLFICINTSOF CJUvIC PULVNUiMIAL/STANOARD DEVIATIýJN

NOSE VEL. DIRECTIC~N(GEG) 2.? 2.9 .3.9 7.2 14.3
SEPARATION ANGP'ý(EGkEL)o REtLATIVE TO NOSE VFr41CITY
ABOVE o......oo...... 2.9 6o7 **
BELOW ........ ** 4 3.1 4.3

COG. VEL. Y-Cflmpq t/s): Is 1o. tae 21o 29a
COEFFICIENTS OF CUBIC POLYNOMIAL/STANOARCD UEVIArION

0.9512E-01 0*7tuoE e.o 0.17316 04 0.4738& 05 -' 0.0007 (M)

COG. V"ýLo X-CONPO (N/'Si: 335. 295. 2.38. 163. 159.
COEFFICIENTS OF CualC POLYNOMIAL/STANDARD DEVIATION
-0.1si2E 00 4@4* 0o3 -093366t 05 0.2042E 07 t 0.0036 (Mt

P0NCLLET DRAG COEFO. x 1.011
VO x 238. STAND. DEVIA. x 0.0021 (61)

CoGe VEL. X-COMP. 4MN/Si 340. 2949 2.38. 160, 149.1
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S~i 40~ d 1s NAUkCN. 19769 Noe

SANL. wET, CmhSITV:4ggS9 .vG/l**4; APPO~kACHING VE;.13C1TY: 336. M4/5
PHOJk~CTELt: SOL1aL U-LAT NIL'SE MASSo'v@5404. KG. DOC,.OZ .. Ls,4.225 M

X-PAV STATION e........ 1iG.1I NO* i NO.03 N0.4 Noes

CLNTtY4 6F GRAVf11V P-.4r1TUN (m)

INCL.I1ATIUN At4GLL.~totCad. 0-1.J tD. 000.5 O0.5 00.

SFPANAT ION AN(GL#DLWGrzt)
AbOVE eeee*.........e*.. 17.0 7.5 5.0
aLLOW e.e.o.&*e.... ... 17.0 61.6 86.0

NOSE 610.TH1 (#4 Div FILM)* C @Ui!0 4ow O~jr .0@030 0 .0d.130 0*****
NOSE #POSITICN CMJ

#iCRIZONTA'. .......... 0*039 0.255 0.603 Q*957 19.144

YE..TICAL e,*e*9e**e.. 41004 .0i 0.095 00.107 09109 18.121

INPUT NOSE PCJSIT1L.N% (M)*
hCR~IZONTAL .......... 00039 %..259 09613 49975 ***
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b~uT J7 (24 )SAk'CM. 1976. NO. 1 1

SAND.' fE~T OENSITVZ4dJ5Jo. KG/M**Ji APPIIOACHING VELOCITY: .336. MZ5

PR~OJE~CTILE: SOLIL FILAT Nct4t MASS3:J.5449 KG. Or-0O2 Ms L.00225 M

X-RAY STATION ..... ise. No.1 NO.2 NO.3 N094 NO.5

TIMI: (SECOND) ......... eV4JtUJU1( .iJU6b5 *002074 9003560 o.Q;536t
CENTER OF GRAVITY POSLTIZNJ 4m)

HCRIZONTAL oo........ -ij.O79 0.126 0.451 0.776 1.090
VERTICAL ............ uov~b v. 100 t.1(12 0.103 0.105

INCLINATION ANOL(LME.Glo A1 at .let 2.0 2.5 4.0
SEPARATION ANGLEWLG~khtl

A&IjVE ............... ddg.(p * 11.0 a.0 9.5
BELOW ............... ~00.J 9.0 6.5 4.00

NOSE wIQTN (M ON FILM). u*42bO3 u*.(225 U.4.23U Q.023G 0.0230
NGsE POSITION (MA

HCAkIZUNTAL o.....ee.. (o.034 U92.39 &3.56J ~joue 19203
VERTICAL ............ 0@097 U0,1102 0.106 0.108 f1o113

INPUT NOSE1 POSITIOjN 4M)
H0kIZONTAL .......... 4,eu4j j*24U 3.568 0.896 1.212
VER4TICAL ............ -Usolk7 -0.119 -0*115 -3.113 -C*107

NOSE VEL. 7f-COMPo (M6): ISO So 2. to 6.
COEiFFICIENTS OF CUUIL POLYNUMIAL/STANVARO DEVIATION

09964.3E-4i1 VobVp2FE 01 *-fJodcV(E (4* 0*2954E 06 / 0*0C02 (M)

NOSE VEL. X-L.OM5'. (M/45): 41. 26,3. 238. 195. 157.
COEFFILIENTS OF CUbIC, PULYNOMIAL/STANDARD, DEVIATION
-0.5456E-02 004104m CO4 -(0o.I12Jt Qb 4.?992E G6 / 0*4o45 (M)

NOSt VEL. D~kECTION(OEG) 1..3 l.t 0.4 0.3 2.1
SEPARATION ANGLL(DL(skEL)9 RELATIVE .0 NOSIE VELOCITY

A13OVE a.o.s.sesoo.... 2UsS 9.4 5.8 7.6

CoGo VEL. Y'-C0MP9 (N/51: 7. 4. 1& -00 4.
C(JEFFICLENTS OF CJbiC- POLYNONIAL/STANL'ARD DEVIATION

Q.9,*b9E-01 O.79ýPE. 01 -#49261JE (,4 U*2755E 06 / Q.e.a.OS (M)

C*G. VEL. X-COM§,* (M/6: .31l. 284. 2.36. 195. 157.
COEFFICIENTS OF Cubic. PULYNUMIAL/ýiTANDA51D DEVIATZUN
-u.1183E 00 O..316IE 04 -G.o12Jh Q5 tIC.NJbE 06 1 Q.0044 (M)

PONCLLET DRAG COEFfe - 0,948

VýO z238. STOANMP.o. &OEIVIA. -9 (0@6,084 (W%)
CGo VEL. A-CO. CM/b): 4d29 28b7. 2.38. 199. 1e6o

RECOWDED TIM4 OF MAXIMUKO/MINIMUM COIL VOLTAGE 4S)
MAX *03LO144 .081 v.o0( II ~3229 .0048192
MIN 900(6697 uGi266b oUu423b .006i368

COMPUTED NOSE PWSITLION AT MAX/NIN CULL VOLTAGE tM)
AT MAX Jou(ja ljŽ5u2 J*821 1.127
AT MIN 3o~.&Ot v. 7vi 1.013 1*310

RECORDED COIL PuS I T IUN (WiJ
uoýu~b 09794 1.092

OIFFr.RENCE BeTWEEN COIL. AND NOSE AT MAX/#MIN VOLTAGE IM4)
AT MAX 0.*40 3-5 (00016 6eI.27 0.0~i35
AT MIN 0 edto5 00216 JOZ19 0*218
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I IOT ~ £~± AFC4 £7. O AND WET. E)N5TVjS.gw K4/M-#3j APP~AGACNING VELOCITY: 333o N/S
PRQ~h.CTI L, kLLo f-LAT NCoSt MASS:.,.b.446 KGs O0*4.2 Me L20*225 04

K-RAY STATION ......... NO..1 No NC). NO*#* Nnc5

* TINE (SdCONOJ oto...... oOGQI.JO o%00(od5 o0o02068 *O0356$; 90015418
CrNTLN OF GRAVITY POSITION (M)

1CRIZQNTAL .os.oo ...o -s.oat U0131 Q4a46I 0070a 1.124
VEkTICAL oome........o., .ot97 0010(4 0.100 cello

INCLINATION AN(ALE(L~(i. 'ý05 Igo. 145 2.0o 3.5
mSL IFR ATI UN A N GtLE i 6. eit 6k"o

8&LUW ......... 12.0 6.5 0.0 o
NGSL WIDTH (4 ON FALM). 0.go0icr GoGd 0.023Q 06023iU 0.c2S&
NQSE POSIT1OE4 (N)1

INPUT NOSE POSITIUN tMJ
HCRIZUNTAL .......... 00037 Q .246 (0.560 00910 1 s24S

*VER~TICAL 66.696940.66 -~'1J100 -O)I23 -uo.118 -,Jo117 -to 102

N,,iSt VtL.o V-L.ON6 (N/SI3 IGO be If iý ' 14.
* ~(.0.EFF[CIeNTS. OF CUBIC POLYNOMIAL/STANDARO DEVIATION

U a92e'o~r-OJ s.91144i 4OW -4.4k~liE :o*5450E 06 0' 0.0006 (M)

NOSE VELi X~-COý4P* (N.Slo: 319o k~ea 2400 £980 166. HCOEFFILIENTs OF CUbIC PULYNOMIAL/STANDARD %LVIATION

_U 0.4Qd8t-0.2 (u.42bwE U3 -Co2426r- 05 001243iE 07 / 0.0019 ("I

NOSE VLL. DIkF4CTIUN(OiiG) l.g 1,1 0.2 0.6 4,p6I
SEPARAl ION ANGLLE(LLGk&E)s RELATIVE TU NOSE VELOCITOI

BELOW .............. 0*0 11.9 7uS, 9.4 3.9

CoGe, VEL. V-COMPo (M/S):* 14. 7. c 0. Go 13.
COEFFICIENTS OF~ CUBIC POLYNOMIAL/STANDARD DEVIATION

0o.8757E-0 I (oolb4&E toZ -Q5765E 04 0*0853C 06 / 0.0007 (M)

*COG* VEL. A.-COMPo (M/U): 319o At86 0 24u. 198. 1690
CJEFFIC.ILNTS OF CUBIC POLVNOMIAL/STANDARCI DLVIATION
-U.1.69E CIO OeZ494'E 63 -Go2421E 05 Uo12Q7E 07 / (Io0019 4 04

PONCELET DRAra CDEFF. - 0.937
VO a 240. STANij. DEV1A9 u O.Ue.21 (NJ

CeO. VEL. X-COMb-. tN/5): J29& ;1896 240. 2000 166.



h~~ ~ kicr 9 4 4P~ANCH9 1976. NO.
SA 100 WE T OLN S IT V:,k U 50 K1.10MS**J s AP Pk ACH I NG 10EL OC I r 3.1c M#'S
PkOjhCT1Lte: 50LI.J bVTtPk~R MAbS~."I#646 KG% L'u002 M. Lw.oo2i6 H
X-RAY STAY IUN **@....~o Ngel Wit 2 NO.1 4 Nos;~

TIME (SeCOND) .'....... *00013C, .%op¾,799 e.iI9j4 31"k so.5I108
CE.NTeFk OF GRAVITW POSITION (M)

INCLINATION ANQ~LI(iL6)o .300 3.0 5.5 9.5 tooc
SE~PARATION~ AtdG(L~.ebGuEE1

AbOVE *e~~~*ec 44. l110 13.00
BELOW ooooocoo~o**. *... 9.5 60v~ 1.5

.41!FwDYN (M ON FALN3. o.I2SU zjaif 0.02Z5 Ov.020 Qc.0220

I INPLT NOSE PU if ON 4 (M)
H* 14Co~ANTAL o o* oo ;. U3. t s ~2 J9 D 0548 0690c 1.251

* VERTICAL ... U&...-u021 -Q00VO -004#73 -A4*01

NOSE VEL* Y-CONFP. th/S)3 11 10. "0. 13. 22o
COeFFICIENTS OF C6bIC POZYNUIAL/bTWAR4 "IA(N)

NOSE VELe X-COMd'. (/I: I1Be 297. 263. 2?10 .3
COdFFICIENTS OF CUULC PU&..N014O1AL/STANUARD OILVIATION

0 -. 9964E-0~2 G.J2,;?E. 04 --tii.e44E 015 Q,%2345E cJ6 / 0.~oG06 ( M)

NOSE VEL. O1FkEC1IDNibLGb 2~,v 109 2.1 .1ý3 7m.)
SEPARATION ANGLE (A.~,5tEaLL). rE..ATIVE TO NUSE VELOCITY

UELOW oe..too.soo.... *ww 1(1.6 9.4 7.7j

CoG.& VEL. V -COMb'. (M/S): p4. g 4. so 241.I COEFFICILNTS OF CubIC POLYNOMIAL.OSTANUAtRO 0EVIAT!OtJ
U.1I)21L 40 O.,L*86L Wd -09.-14F- iý04 Q..8614E ^.6 / J*V.WO4 (M)

CoG. VEL. X-COM&.* (M/b): 316, :9?0 .263o 221. 173o
L .OEFFICIENTS OF CUoLL PQLVNvNZAL/STANOAF'O DEVIA)ION
-i.I.317E c,,. Q.2 e j -01.1590Lf (i5 0*16(51JE 06 #4 (10006 (M)

PONCcLET ORAG. CUtFF* 0*72()
VO 31d. STAN..o DEVIA. oQi M
CoG. VEt.. X-COMP, 4M/b),I 310*. .92.g ?50- 224. 193c
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its * MAI&CH. 19~769 NOto 2 1

bANcV * OE7 DESTY. *E.o64lo KCWA'*3i #PPROACHUNG VIELOCIrY: 326o 0#05
P'40.ohrCT1LL SOLID SrL#'-r1Lk MASS:;*.563U KG. D"10@0 We L-,69;430 1

X-;tAV STATION %omoj Noel N062 NO, 3 NO.o N005

C4Nfr-R OF GpRAVI1Y PLbIbTIUN IM)
HCQLCUNT7AL *teoee aeoo -*092 10.*21(0 00411& 0.735 10041
VZRTICAL 090..... (.60 1bed4i (40Q We .Goia 0.122

bEPAkATIUN ANGLrm(Uc-GRLEJ

43koV. 6bO000004000SO96 4*4 low 16.0ea 10

IHLDVIZCANTAL .......... 0*4 1b.,231 0.540 00.855 1.161
INPOST NOSE POSITZMIUN4;
MOR14CONTAL .........~ U..t27 0*0*4* 0.5641 0.656 1.164
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SHOT *1 C25 MAIChs lf#769 kOe. 3

$AN4D: MET* DdNS1TV**itb0. KG/M0**Ji APPROACHING VELOCITY: Z200 M&46
PRUJLCTILE: SOLML SktP-TIER MAS4J;J.5645 KG. =O@GgC Mt L).458 U

X-RAY STATION ......... Neel N0.2 NO*3 NO.4 N005

TIME (SECOND) a......., *uQ(M.-93 ******* .oOO858 o003220 .004830
CENTE.R OF GRAVITY PUbITION (NJ

WENTICAL *eoosooooooe 406b 180241 0*099 00105 Qo112

INCLINATION ANGLECDE6)9 1.00 *$ 100 lo90 26c
SEPARATION ANGL1940L"LEk I
Above 600006000006606 ***.$0 11.00 1.
BELOW .... o.......... 00* 40C 10.0 13.

NOSh WIDT" (M ON FILM). s;.0lt70 (o*42* 5 OQ*030 0 * Qi3O
NOSE POSITION (Ml

NCRIZONIAL oo........ 0.0.31 18.231 0 to55f.1 0.6189 1.228
VERTICAL ............ 0.0roD 480121 0.10k 0.107 0.118

INPUT NOSE POSITIUI. 9M)
HORIZONTAL .......... .UO29 *044#** 0*S53 0.697 1.241
Vf&kTICAL ............ -0.19 *'se -v*120 -0.114 -0.101
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SHOT 4d 2bJ MARCH* 1976. NOv 4 1

SANCI W&T. VENS1TY~k6-6o 9 KGo0MtP3, ".PPROACH4IN~a VELOCITYS 217. MeS
PRGJLq:TlLiE: bULIP btk~bo-T1EH A4AbS;.'*5649 KG. Dm0.02 Mt Lnu0.115 M

XRAY STATION .. ,.......e Noel NO.2 NO.3 "004 NO*$

TML 4SECOND) oesotes.v mQO4J170a ***4**** *0u4536 e005263 o0C7740

CLNTER OF CRAVITt 40QU1TIFO(M
MCRIZIOtTAL. .... ,..o... -Oo49i 18.210 abe:!', 0.709 0.968
4ERTICAL ............ 0@09C2 16.241 189241 0.096 0.107

INCLINATICt4 ANG(1.t(&~lo C.( %1**** *0*0*e -4.5 -. 00
SEPAkATlcjN ANGLL1VLGN~EIJ

A84.V9 006*40ý4**. 66**** *00
BELOWd........ *0*0 *000 Poe* 0?.%0 t 000*

NOSE WIDTH (M ON FILM)* u.026J S*V*0P* 45*0*0* 090230 0.0230
NOSE~ POSIT:ON ("IIi

HCRiIZONTAL e......... 0.031 18o231 186535 068~31 1.069
VERTICAL ............ .0o92 ld.1d! 18.121 0008's 0.090

INPLIT NOSE POSITION (M)
946..IZUNTAL **9e*..... 6.02V *00*00 0.630 local
VERTICAL .......- 0o132. U0.0w. .*06*4 -Qo138 -0.133
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ShO f 43 1 20 MANL11, *'V?ds NO. 5

JAC INEr. 0tN31TV:UQ5o~o KI3,0*J& APPI.OACHING VELOCITY: a10. M/S
PAOJ1ECTILE: bCJLAU STUP-TlE, kASSZ,.Sb4b KQ. DaO.OR Me. LSQ*.ZJ8 *4

X-RAY srATION o....,... NO*& NO.2 tqW.j KO.4 NO*$

746t. (SECUND) *.....ass *wIUi1i~49 ...*00*0 cO41098 .005461 *o.k~dk*
CE.NTfr. OF GkAVITV PosiriuNa im)
HORIZONTAL s......... 18.o)10 18.210 U9437 tio725 049'4?

VERTICAL ........ 1.41 18.40,4 0.490s 00104

1I1CLINATICJN ANGLE~(DEGh.*~a *s -100 -5.00 -*

NOSE wIflTH (04 ON FILMi. *ml*** **to6** 146ý3 0*023Q. 0.Q0.30
NOSE POSITION (MI*

INPUT NOSP& PiUS1II'U (14)
(ICRIZONTAL os...,oo.,o *,**@* *.&**** 0.56.3 0.646 1.114
VIERTICAL .... ,. .* *,.**0 -0&127 -0.13.3 -0@135
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biruT 4.4 ebg MARCH*. 19V69 NW. 6~

POJTL&36LL TPTe .OudOf.LO.JSANc: WET9i ()NS1!Y:24ti.. KG/0M0031 APPdiOACI4;tiG VELOCITYS 213o 14/S

X-RAY STATION .... ao... NUal NGO 2 NU.43 N~c4 Noes

TIME (SECOND) m........ *00I73? 4**$*** * .33297 *005650 e0i.8421I ~CV~4Tk.R OF C&RAVIIV POSITIUN tMI

INCLINATION ANGo-E(Lt,&Wo C *t **06*S 440 -2.5 -4.5
SEPMhATION ANGiLtAL&;.G~'LG.

ALLoVE ............... 444' **s o. go 4o
I5ELCJN oeoo.ooeo..... 0.0 Soo) 6#0,
WtE alOTH (f* ON F5LM~a *0*0*0 *00*0* 4*0230 QCo230 0.023C
NOSE POSITIOcN (m)

HLI~ZONTAL *eeeeo*eAo 1S.G'.O 1892JI Oo560 0.854 1.126
VEi.T~fAL ......... e.e £8.11 l ueIaI J*096 00493 0.095

iNpur NOSE P'.SITAUN (Mb *~***-.~ 0.3 - 2
HOPIZONTAL *eoeeoosoo 06** **e*6.E4 0.656 1.123
VERTICAL 9e.**o.. o OoC..0*3.-012
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~~huT 1ý d APR~.Le 1976. NO*. I

SANG: WdTs tbLNS~iTY-'9l50e KG/04*.3; APPROACH4ING VELOCITY*' 210. N/S
PROJECTILE: SOLIV Srl-P-TItl tASS30#5662 KG. OsO.02 M. Lu..2JO U.

X-RAY bTATION oo~popooo NO.1 NO.a N4003 N004 NO.5

Tl~h dSdCONO) ......... .000192 .3C.1238 *0034300 oO05628 QUu8.366
CENi'Iv OF (IPIAVITY PO.%ATIUN (Mi

NCRIZONTAL .........o -U46~~7 Q.110 0.442 0.742 1.01.3

INCLINAriGN ANGLE(UECGm) 1.04 10 2.5 5.C. 6.0
bLPAkATION ANGLkl~GR&EE I

............... oo 00* 7*U 4.5 8.5 10.0
OZ.LOW o..o........... 00* 55 J05 5. 1.00

NOSE WIDTH (M Oh FILM). jso6 a (02" 4iu# WJ13Q 0.0230 0.023C
NOSE POSITIUN (M)
HGAIZONTAL ......... e 00.045 %.242 -)56 Q.63 1.134
VERITICAL ............ Ui.106 (j a112 0.121 0.129 O.1.35

INPvjT NUSL P'OSITIIJN )
M(AlGNTAL *......... 0.034 V.233 5.6 8 0e667 1.133
VERTICAL .......- 0.116 -0.146 -0.09 -0.009 -Qa082

NOSE VEL. Y-COkP. (1045) 6. 50 4.0 3o 2.
COELFFICILNTS OF CUbIC- 9OLYNCA4IAL/STANOARD DEVIATION

J.1lub2E 00 0964l 01 -(i.J43koL 03 O0d636SE 04 / 090003 (0)

NOSE VCL. X-COUP. tM/bl: 198. 179. 145. 11.3. 86.
CatFPICIk.NTS OF LWbIC 1'OLVNJMIAL/STANDAR0 DEVIArIUN
-w-e.,20c-02 fl.2ulad V. -4o. t25iE 04 Q*2332E 06 / O0*04l (M)

NUCSL VEL. DIRECTION(O1G) 1.6 1.6 1.5 1.4 1*2
SE.PAR~ArIUN ANG~lGtI qL R ELATIVE~ TO NOSE VELOCITY
AbOVE ......... o....e ** 7.6 3.5 4.9 5.2
BELOW .............. $*1* 4.9 4.5 6.6 5.6

Cae. VEL. Y-CUMP. (M/Sl) 4 0. . 2. 1. 3.
COEFFICIENTS OF CUOL~ PULVYNON1AL/STANLMR0 OEVIATION

0010296 0G ,.6875t 01 -&o&A66E u4 0*7251L 05 / Uo.003 (141

C.G* VEL. X-CO#AP* (4AX: 198. 179. 145o 113. 06o
COEFFICIENTS OF CUOIC PULVNOMIAL/.5TANLJAV4 OEVIATIJN
-41252e O%) QokIVE U.3 -4o.'ro7UL 04 Oo2296E 06 / OoCO12 (N)

PUNCELET DRAG CQ&Ffo -z~
VO 145a STAN.,. LUEVIA. - 0.1,14 4M)
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z!iefl 46 C 08 APRIL. IS?6* NO*. 23

SANGC: WETo OLSlTTv:e.ito. KG/MOO.. APP'ROACHING VELOCITY: 251o N/S3
~P..C ifCT ILE: A G.4'1. NASSI'ro*031. k~s D0.002 Me Lwso.#TU M

X-AV STAT1tý.N .,....... No$ O.) 2J. NQO. N00.* NO.5

TL4E~ (SECONC) *o....... *UOG4499 oQJiW *0(5000 oOI9~317 *s63951
CLNTLH O~F GR~AViTY j6l~TIOiN ilN)j ~~INCLINSATIOjNANGLECULC). 3,05 13o ::' 2:: 22
NCS POSITION (m)

H-CF4IZONTAL 000** 044 4A21*3 88P194
VERTICAL #*9os.*o.o9* U011I1 .,.i18 1813o21 iaoial 38.121

HCIONA oe~oeo090~ie to a 41 *S****a #**'*0* ***
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S.4.hr 47 1 Ub AIRU'ELe &9?0. NO* 3

SANLI wEr. 0ENS1TY3*2#,bU. , /M~ APPR~OACHING VELOCITY: 552. MIS

iCqj JkCT ILU AokeH. MASS:3.~d1d KGj. Oi.)02 34. LA24P70 M

X-RAY STATION ...... NJ. N062 NO.3 t40. Noes

t1!NTt~k OF GPAVLTY PQ%1TJ~uN (ND3
HCRI'.1LNTAL .......... 4;9Q47 002ft4 09398 18.,339 19*1446

INCLINATION ANGLL(L)L(B)o u.00 20.0 152.0 S* ***

UlmPAJIATION ANGLtt(;.b4E~EI
AdOVL ..... eeo 0*** 2494; Co

YJ1 IDT04 ($4 ON FILM4)* 0 o(Z54.0. 0I2 35 ýp V2U 0*40*. ***

NOSE PUSIYICN (34)
HLAIZINTAL ...... O0407 00,264 Q*9 18s839 19.144

VLMkTICAL *........... osil ...111 .2 '.164 18.1t22 18.121
INPL-T NOS5E PUSL1LUN 014)

~1(41jZONTAL .......... rCU37 0*270 0ei8 **)*4B**

VE~TIC.AL -'Us~ee' (j1140 .Io64 CveO5L ** ***
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silaT 48 4 08 APRIL. 1976. NO.*

FSANC: WEI. DENS1TY32%oft KG6/M**39 APPA~OACHING VELOCITY: 538o MIS
PRUJC.k71LL: A*M~b1. MsASS:C*Qdl KG. O=UeQ2 M. LUO.O7U M

X(-RAY STATION ...... oo. hoot NU@2 NO.3 NO.4 NOOS

TIME CSP-COND) ........ o .000155 *#j012LoQ .008044 .019969 .100000
CeNTmR OF GRAVITY P~bITIl~N (NJ

MCRIZUt4TAL .......... 0.063 18.231 0*2 16.639 19.144
VERTICAL ............ 0.101 1de12a 0.076 160121 18*121

INCLINA!TIO1N ANGLE(OECGh -Lev OI*** *** *. .~
6-iPAIRATION ANGLLLE &Gi4Ehl
AbOVL ............ *6* 4*4 ***

NOSE st10TH (M ON FILM). 0*0200 ****W LJ0230 *4 **
NOSE PUSITION (NJ

MO.AIZONTAL ooooeoe*** io 9 0 64 18.231 v.423 18.639 19@144

I ~INPuf NOSE POSITILNr tNJ
NCRIZUNTAL ..... .7 *** 0.406*4** ***

VkRTICAL .......- 0.123 -Q6. -015W *** 666
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SHUT 000 I 09 APRIIL* 197o. NO* I I

5ANc.- WET. DF.NS3Ttq*9L0ro KG4#fM*33' APPROACHING VELOCITY: .327. N/S
PROJEiCTILE: SOLkL. STL-TIEN MASS:.j.56b~ KG. 00.4J2 Me L-49236 M

X-RA A STA f ICON .NO.... tO.L 0O2 NO.3 NO.4 NOSS

TZKE (SECOND) *4.....00127 olýO700 *JUIS76 *003220 *0047e9
CkNTE.N OF GRAV.ITY P0'41TION (NJ

HCIRIZOlkTAL ........., -0.093 we'll? 0.426 0*7b3 1.071
VERTICAL ............ 0 ()ui3 ,wpova 00105 colIo 09116

INCLINATION ANGLL(DEG). 0.5 0.5 Cos #JOS -C0
SEPARATION ANGL&4UL)~kEk BV ........ *.* I1;1. . .

BELOW ....... *80s 11.0 7.5 7.C to
NOSE wIDTH (M 0, FILM)* Uoi954. U90230 0*0233 .0.0230 0*O2.4)
NOSE POSITION (NJ

HgICZLONTAL .......... Q.#i2ý l.iezi 43540 ooa.75 1.193
Vi.4TICAL ooooosoooooo (foU94 A;0099 0.106 0.111 0.LIS

INPUT NOSE POSITION 4MJ
HCS4IAGNTAL coooee 4.027 44,241 0.550 Qoe8v 1.201

VERTICAL ...... v..... -0.131 -0*I43 -0.115 -OeIO9 -0,%105

NOSe. VEL. Y-COMPoP iM5 WSJ so 50 3& Is
COEFFICIENTS OF CUhsIC. POLYNOMIAL/STANDARD DI.VIATION

Go9305E-01 Gob645E. OL -0.14J72E 04 4...4224E 05 if 090603 (MI

NOSE VELm X-COMP. 4M/5): 334o 305. 26.3. 223o 192.
COEFFICtENTS OF CUISIC PcJLYNCAM1AL/STANDARD DEVIATZION
-O.53&)9E-01 Oo3.J~u1- 03 --fiod382E 05 OoI163E 07 / 0.0018 4M)

NOSE VEL.o DIRECTIUNI0&hGJ 1.4 1.3 1.1 0.6 C*4
SEPARATION ANGLLAEGRE(E)I. RELATIVE TO NOSE VELOCITY
ABOVE s.............. ties 15.8 11. 9.3 6.09
BELOW o..oo.oo.o.....*** 10.2 6.9 6.7 9.1

C.G. VEL. V-COMb'. IM/S): 90 7e So 4. 4&

COEFFICIENTS OF CUBIC POLYNOMIAL/STANDARD DEVIATION
$Jo919Q3E--UI Qo912isE .1 -Q.1491C 04 %ooI293E 06 /4 0.0004 (NJ

CoG. VEL. X-COMV'. IN/.$): 3349 305o 263. 223. 193.
COEFFICILENTS OF CUBIC POLYNOMIAL/STANDARD DEVIATION
-0.1351E 00 O.34tu1E u3 -0.o2384E 05 OoII71E 97 / 0.0017 4M)

PONCELET DRAG CULFF. - 0.822
VO - .334. STAND. 0EVIA. - CooOO25 (MJ

CoG. ELL. X-COMP. 4N/SI; 3349 J03. 262. 2e25* 1940

RECORDED TIME Of AAXIMUM/MINIMUM COIL VOLTAGE (S)
MAX .0040155 000189i4 .031.37 .004656
MINt .004705 .002773 0****** s0C562I

COMPUTED NCSE PLSITIL3N AT MAX/MIN COIL VOLTAGE C.M)
AT MAX O9w39 C95654 0*.855 19172
AT MIN 0*215 0.77k ***0*0** 1.3a3

RECORDED COIL POSITION tN)
0 ou .487 0.792 oa

DIFFERZNC.E BETWL&N C~iZL AhD NIUSE AT MAX/041N VOLTAGE (M)
AT MAX GOV39 0.067 00063 0.086

AT NIN 0.215 O.265 *****0*257
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SHUT' 0, 09 APkIL. 4976. NO. 2

SANG: SE7. DENS1TY3.*dvSO. KG/MO*31 APPROACHING VELOCITVn 395. M/S
PkUJLCTILL; SOLILJ STLP-TLi.R MASa.v*56 KG. OuO.02 Me LaO.230 M

X-RAY STATION **eo..... NO*& NU*2 NO.3 N004 440.5

TIME. (SECOND) o........ .000106 .00C635 .001579 .002771 .0042488
CENTER OF GRAVITY PO)SITION (Ml

HOF.1LONTAL oso....... -4...C95 .10(7 0.4.30 0.781 1.119
VERTICAL 9*99oooooese 04O9 0.099 0.107 0.112 0.112

INCLINATION ANGLL(VEG). 1.5 1*$ .2.0 3.5 7.5
bEPARAT ION ANGLt.IOELL)

NOSL wIOTH (M ON FILM). C0 904db oQi.0 09030o 0ao, O;.oi C0.0230
N~OSE POSITION (M)
HCRIZONTAL ceooeo.... 4; o Id'? 4229 0.055il 0.902 1.240
VERiTICAL ooo..oo..... 4*097 0.102 4).111 0.119 0*128

It.PLiT NUSE POSITIUN (W.)
HCAUGSNTAL .......... 00Q24 0.229 0 * t55 0.912 1.255

NCSE VEL. V-COMP. (Ns/S); loI. 10. so 6. 6.
CL.EFFICIENTS OF CUbIC PCJLYNUMIAL/STANDARO DEVIATION

J .9567E-01 vwl.I&7t u2 -6*1747E 04 09153SE 06 4fOoOC03 (M)

NOSE VELo X-COA(Po 4M/S3 492. 468. 222. 263., 183.
COEFFICIENTS OF CUUIC POLY NOMIAL/STANDAR0 DEVIATION
-v.LSOIE-O1 .*.3971e. Ao -C,2jii2E 4;5 -4ýo294SE 06 QoV02& (M)

NOSE VEL. OINE-CTIUN(DEG) to? 1.6 104 1.3 1.8s
SEPARATION ANGLE(UEI.NEEJ. kELATIVE TO KOSE VELOCITY
AbOVE ............... Ice&10. 8.4 12.6o8 4
BELOW oeooooaoo...... **0* 10.9 bob 11.2

C.G* VEL. V-COMP. (M/S): 12. 10. 6. 2. -2.
COEFFICIENTS OF CUBIC POLYNUMIAL/STANDARD DEVIATION
0.924SE-Cl O.iv~E. 02 -0*2174E 04 0.B.346E 05 J* 0.0C02 (MI4)

CoGo VEL. X-COUP. (M/S53 392. 368. 3229 263o 184.
COEFFICIENTS OF CUbIC PUJLYNUMIAL/.STANOAkiD DEVIATION
-0*.J4ý'E 03 Goj972dE O4 -492304t 05 *-Oe2785E 06 / 0&0023 (M)

PONCtLET DRAG CiQEFFe - 4788
VO a .392o STA9N&. UDVIA. = 0.0156 4M)

C*G. VEL* X-COUP. tM/S): 392. 3594, 312. 267. 226.

FLCORGOE TIME OF MAXIMUMI'UMINIMUM CCAL. vt..TAGE (5)
MAX o0w Is!4 .0015b6 .eJ2405 *003804
MA 1N .ooovbub o ý 22..*_6 6043137 .004665

COMPUTEV NOSE PuS~llI., AT MAX/MIN CUIL VOLTAGE (M)
AT M4AX 090U34 t 6.5su 4 8.2 5 1.146
AT UIN vok17 #4.75v g U.95 I do307

RECO1.iOW COIL PCG5ITION 414)
0000.487 0.792 1w3S6

DIFFERENCE 8ETwckLN COIL AND NOSE AT MAX/URN VOLTAGE (M)
AT MAX 0.04j4 0.063 094;33 0.060
AT KIN 0 ftel7 0*166 v.203 0.221
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I14"

UMOT bi 1 U'i APkILv L9769 NO. 3

SAv4C: WETs OENSATYV:ZIJsO KCG/#4**3; APPROACHING VELOCITY: 4U2s M,4S

I.rqOJLC;IL~h: S.ULIU STLP-T1lIA MASS.w
6 6S? K~s Da6J.C9 M L=0*238 14

X-RAY STATION ......... NU0I N00.~ v40*3 NO.4 ND*S

TIME (SECOND) &seoe **o0118 o0046664 .001591 9002495 oOC3046
CENTER OF GRAVITY POSIT ION (Mb

NCkIZONTAL eo........, lee0A9 ý#0111 160SL4 0o667 1901i4
VERTICAL 000040064000 164241 Coi0 18.241 0.111 184241

INCLINATION ANGLE(UE.(abo ** lob ** 6.0 **
SEP.*kA T ION ANGLt I ig.GkEL J

AB~IVt ... e*eeseome 14044 14.00

NOSE WIDITH (M O8N FLLM). **# 0*030 000*** 0.O0O **e0
#405L POSITION (M)

MCkIZONTAL .......... l8ou40 0.233 18,953S 0.7883 19o44
VERTIC&AL .e...*osesev 16.121 it* 105 184121 )v- a 2 18.121,

INPUT NUSE POSITIUN (M)
htLIUZQNTAL *........ **** 0.234 **** 0.761 **

VERTICAL *........... **e -Q.116 *%* -00V94 ***
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sm%ý b C 10 API4ILv 19769 NO. I '
SANG: DRY. DE1NSITVYo38e KGM*0*3; APPROACHING VELOCITY: 210. N/S
PHJc~CTILL: bOLlIU *,TE6,-T5tA MASS:V95Cb.? KG* O0.002 14. L-(0238 M

X-RAY STATION ......... Noel No* d NO.3 NO.4 NQ*5

TIMI. (SECGNUSJ ......... .000abo ow01217 oUC3251 *005471 e008136
CLNT'LI; OF GR~AVITY P~b1T1UN ifN)

HL>..IIUNTAL .......... -4.iQj'4 to 19 0.426 (o708 0.975

*INCLINATION ANGAJE(L~EG)o 0.0o 0.01 -1A0 -3.5 -5.5
SF.PAfAT ION ANLL(L"GALE i
A8OVL oooos..ooo....*** 5.5 4.0 .3.0 0.00

* tLLUS o..o.o...a..... 5i.5 6.0 S.0 3.0
NOSE %blOTH (M ON FILM). 4@.025(o Q*2~ 0.0230 (o.02.30 090230

* NUSE POSITION (MJ
HChUdSNTAL .......... U.026 (jo 231 0.56V 0*629 16096
VekITICAL oe**........ 0914..6 U*115 C.I18 0.121 G.117

INPO.T NOSE POSZ1IIUN (M)
H,6kZONTAL s......... .400,15 09.231 0~~ e 05.82os28 1.0069

Ct.ieFFICILNTS OF C~b IC PULYNUMIAL/STANUARO DEVIATION
).1IV55E OU 0,77bE. 01 -0*1255E u14 0@5922F 05 1 0.0022 4MI

NCS&. VLL. X-CC.N~. (/4/): 2069 Isle 140. 110. 94.
COkFFICIENTS OF CUBIC PULVNUjMIAL'OSTANDARD DEVIATION
-w.9?96E-Q2 i.1~7r&j -0.1J2ft 05 C).5007E 06 1 G.0044 (N)

NOSE V&L. DIHE.CTIUN(OELj) 20v 5.8 0.6 -0.3 -91
SEPAR~ATION ANGLk.(Ok(PALE ) NIELATIVIE TO NOSE VELOCITY
ABOVE ............... 7.1 5.6 6.2 5.0
BELOW ............... jog 4.4 1.8 -29.Q

CoG. VEL. Y-COMP. CM/S): 6. 50 3o 2. -0.
COEFFICIENTS OF LUbIC. PULYNUdMIAL/STANDAF(O DEVIATION

Uo.lo5SE Ow -.C4V3L 01 -0o4i084.E 03 O.6752E C4 / 0.0026 (M)

C.G. VE.L. X-COMPo 14/5): 206o I1Al. 140. late 94o
COEFFICIENTS UF CUBIC PULYNUMIAL/STANDARO DEVIATION
-0.131se 00 0o.Is1baL Q3 -0*1326& 0 Oo 0.05L. 06 1 0.0045 (M)

PONCELhT DRAG COLFF. -1.811
VO 146. STAND*. OLVIA. = 0*0.0Od (M)

CeGo VEL. X-COMI-. (MIS6): 210o. 180. 140. 113o 92.
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SHUiT SJ 4 IQ APRILe 19769 NO. a I j
SAND: DAv. DzSITY;ssJd KG/"M*J; AFPPI.'AC,4NG VELOCITY: 212. M,*S
PR~grCttLL: SOLLIh bTkP-TIfr±. 0MA5:0*5664 ig.o Dmo=ja 1M LwQ92.i8 M

X-RAY STATION ....... w.. NO*& N0,62 NO..3 NO** NO.5

(IML (SECOND) *........ *000186 *001;i2l 9003233 .005575 *0GO168
X C&hNTLR OF GRAVITY P061T&UCO tMJ

HCRIZONtAL *..ee#*eeoe -4o0~9b (40108 OC429 168.19 LU.96^Z
VI.5T1CA(. ............ co.1u6 L~o114 G.116 1 19*ýZ4 00091

INCLINATION ANGLE(OkG). 1.40 ue 5 -5.0 0*0s* -14.5
SEPAAAT1ON ANGLtWL~tGRak)

bELUW *e99r...eeo.vw .. p 0- 7.0 00*6*1 *
NOSE w50T1H (M ON. FILM)*.w 4Z4 40.u2js 40235 0*6*66 0.(250
MOS1L POSITION (M;

HORIZONTAL *op....... Oe.327 C 0 j. 551 I e8.3 9 16076

INPUT NOSE POSITSU.N (M)
H LkI Z#NTAL e.e..a..o a e* i. Ve5 002"I O554 *666 1.062
Vt.NT5CAL *.ewoooooooo -Ool&J -ýpa 1 ý5 -00116 -0 0* -1.7.3
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bhwl. bA 10 APAiIL* 1976. NO* 3 1

SANO: Qkv, LJLNSlTYolb369 KS/N*.3; APP#*OACHING VELOCITY: 208e. #/S
PlýjtCTLLE .4OLIL) zaTEP-TIek MASSu.%o@!6. IKG9 0=0*02 N. L=Q*2J6 M

X-RAY STATIL.N *oo.....s NO . A oe i N063~ NO.4 NO.5

TItMl (SECONED) o........ .000155 e~~g .00.3199 oOC573C. .008556
CEN~cJ4 UF GkAVITY PQ6ITION (M)

Hn.;AZNTAL .......... -i;.099 461uo 0.415 08722 00994
VLA~TICAL ............ .10Lk 00i1%. Q6.114 001&17 0.121

INCLINIATION A.NGL1E%4.ii. 2ev k.0 4) 2.0 2.5 2.5
SEPARAI~rON ANGLii(OL"MEE I

dELOW ............... 00* 6.0 4.0 co 3.0 3*0
NOSE WIDTH4 (M ON f-ILMi. 0O.260OeW140~ 0.0230 0.0235 0*0240
NQSE POSITION 40M)

HOGRIZONTAL .......... 0.023 J*221 0*5.36 0.644 1.112
VERTICAL e*.......... 4ý0 0 0.114 0.113 0.122 U.126

INPUT NOSE POSITIUN (A;
HCRIZONTAL seo*....... 00019 i.*22G. 0.537 0.645 1.106
VLI4TICAL 9e**........ -0.117 -4.106 -0.101 -0.096 -0.091

NGSL VEL. Y-C.OMil. (N/Si: 70 So 2. . 5
COEFFICILNTS OF C.UBIC POLVNUMIALIUTA14DARD IEVIATION

o.1&.54E 00 3*7b7dE 01 -0@19486 04 4*7a75E 05 t 0.0018 (M)

NOSE VEL. X-COWIle (#4/6): 2k02* 178. 139. 106. as*
COEFFICILNIS OF CU61C POLYNUOMIAL/STANDARV DEVIATION

-ý'*9bb.02 0etbb 0.3 -041,i43E 05 0&4311L 06/ OO0 (N)

NOSE VLL. 01 EC71(jN(D4.GA 2.0 196 0.6 0.4 2f.1
SEiPARAIJ(.N ANGLt~(Dh~hLEI, kELATIVE TU NOSE VELOCITY

ABO~VE ...............9 5.6 3.6 3.9 4.6
iBELOW ee9**.....e*@e. 694 sea 5.& 3.4

CeG. VEL. Y-CCJMP* 0#4/5): 8. So 2. 10 4.
COEFFICIEN~b OF CUbIC, POLVNMjIAL/'STANOARO DEt.!ATION

0.IUl0E 00 3*bU41E 01 -Va1454E 04 099274C 01 of 0.0016 (M)

CoG. VEL* X-CONF'. (N/Si: 202. 178. 139. 106. 87a
COEFFICIENTS OF CUbIC P0LYNCJAIALd/STANDARO DEVIATION
-0el29%E 00 0*2%obft (03 -(j.1243E 05 Co4.303E 06 / 0.0012 (Ni

PONCELET DRAG CG.EFF9 a 1v900
VO IN 139. STANO. DEVIA. r 090063 (Ni

CeGe VEL. X-CONP.o d4AS)S 212. 164). 139. 106. 67.

RECORDED TAMNE OF MAXID4UM/NINIMUN COIL VOLTAGEt (3)
MAX *0O0i124 *003644 #005021 .006769
MIN *001181. .004656 .007516 0011066

COMPUTED NOSE PV517114N AT MAJ(/MIN COIL VOLTAGE (M)
AT MAX Q*GA7 0.515 u*632 11333

*AT MEIN 0 : ' 0 e74c4 16019 e,3
*RECONDED COIL POSITION (N)

0.0 0.486 Q.791 1&066
DIFFERENCE. BETwrEt4 COIL AND NOJSL AT MAX/MIN VOLTAGL (1M)

AT NAX 13*017 OO0e9 400041 0.047
AT MIN 00216 0.238 #..22d 0.244
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6WT55 10L APkJII, 1976s 140. 4

SANO: DRY* DtNSI'FYISja* KGeM*03J APPI4I0ACHING VELOCITY: 2to6. M/S
PF'OJE~CTILE3 SOLIDJ Srtb,-TILR MASS3%j.5653 KG. 0&C0.O2 M. Lufo238 M

X-RAY STATION oooooooes NO*.1 NO002 NO#3 NO.4 NO.5

T114L (SdC0NO) ......... ou&.02Co2 .19012*2 .(JO32a3 .005614 .GC8668
CEiNTLR OF GRAVITY 6JLIstrION 4M)
HUERIZONTAL o**o...... -09095 0.10') 00411 0.113 0.975
VtrqTICAL ooo.s....... e..1ub .o1g %q ~.la 0*122 0.115

INCLINATION ANGLELL.EG). 0.04 .00 -2.0 -5.0 -5.5
SEPARATION ANGLt(ULGk1LE)
AbQVE 9o.............. *0 4.5 6.5 1*4*

NOSE WIDTH (M ON FILM)* Wo25 4oi94 0.23Q oOaaO2 OoC22C
h SE. PUSITION (M)

HCF4IZONTAL .... ~..... 0.0Q27 u.222 iu.533 09834 1.09?
VERTICAL ............ V*u.1. J9112 otI 1 4  06i lid (0104

INPU~T NOSE POSITION (M)

HLkI44ONTAL *..o.....e UoVZ4 .o221 o,.53J 0.834 194)92

NOSE Vk~s Y-C0MP. (MIS): 6. 4. Go -a* -3o
COEFF1C~i-NTS OF C.U8IC P1OLYNU#4IAL/bTANOAhO DEVIATION

NOSE VEL. X-CCMP. 4M/6): 197a 174. 136. 1030 a7.

NOSE VEL. DIRECT ZUJNIDtG) 1.8 102 0.2 -1.3 -1.7
SEPARATION ANGL&4LGJk~Lio kLLATIVE TU NOSE VELOCITY
A6OVh ~i..... **** 5.7 .6 46 4 4.8
BELO* o.oo.#......... 0*4* 3*8 (0*4 *4* 3*2

CGo. VEL. Y-COME. (MW&): be 5. 3. -C. -S.
COEFPICILNTS OF CWbIC PGLLNOMIALISTANOARIO DEVIATION

Qo1u47E 00 Q0.6*4IE Q1 -0o..I470ui 43 -to*1907E 05 of ue*(.C13 (p4)

CoGo VEL. X-COMPo tM/S):* 197a. 174. 136. 104. 67.I COEFFIClLNTS OF CUUbIL PULYLNO#I1%L/STtNDAAO OLVIAT:ON
-U.1.*4dfi. 00 0.24igJE QJ -0&G.A'd3E. 05 0.4399L 06 / L.00026 (M)

PAONC.LLET DRAG COEFf. u 1.894
VU a 136* STANL,. GL.VIA. c U4046 (M)

Co.ie VEL. X-(.OM5. (M/bo): 205a 175. 136. 10b. 96.0

RECORDED TIME OF mAAImUM/MINIMUm COIL VOLTAGE (S)
MAX OC0014.o *00c3IS .oU 5 730 .008682
MNh 00019k4 .0OU445 *0076ao 9011211

COMPUTED NOSE PUSIT I4.N AT MAXIMIN COIL VOLTAGE (M)
AT MAX 0.0401 two514 w*625 1.119
AT MIN oozk(. 4o.728 ic,(1.1 1.323

RECORDED COIL PuilTION (M)
On.0 0.180 0.791 1.0896

DIFF=.RE14CE BETwkEt CC.IL AND NC.SE AT NA~eiMIN VOLTAGE (M)
AT MAX 0.015 %0602b vo0)34 09u33
AT MIN 0*22c. 0.k'Z 0.22Z 0.237
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4MO T 56 LU APRIL., 1976. #40. S 1

SANL.A DRY. UO.NSITYS'1630 KG*M**3* APPR4.ýACHNgtG VELOCITY: 3249 M/S
PmD.#LCTILE.: SOLLU STtP-TltR MAS %,*%o5653 KG. DaU.02 Me. L=0%236 M

TIMIL (SECONDA *a....... *004166 944084,O0 .001919 .003263 .0046906
CENTbI4 OF GRAVITY POSIT ION (MI
HORIZONTAL .......... -4Q.Ubg vsI.6 to*376 0.652 06800
V&kITICAL ............ (00146 (0ol12 0.117 00120 0.119IINCLINATION ANGLE(UF-Gia 0.1 005 -1.0 -2.5 -5.0

SEPARATION ANGL&CflLGREE)
AbQ.VL 969996006699066 00mv 7.0 5.0 4** 2.0

BETICA ********sees** 0.106 5051 50.01 1,11 0
NOEWIDTH 4M ON FILM)* 0.0251 CD. 4o2, 0.0230 0.0230 0.0220

NOSE POSITION (I.)
MLILNALosoeioou033 V6226 0.989 0&774 1.001

INPUT NOSE PUSITIuN (NJ
HNkI4I1NT&L .......... (09u3L Cosa?. 0.493 0*764 0.987
VLkTICAL ............ -49116 -i;*AQ7 -0.105 -0.105 -O.112

NOSE VEL. Y-CVMPe (M/Sl: 1(0. 6. 1* -39
COJEFFICIENTS OF cuwlC. PULYNUMIAL/'STANDAPO DEVIATION

usIlg,4E 00 0.AIlWU1! Co2 -QeJJ21E U4 4.LJ6UE 06 / 0sjQ17 (M)

Ntp*i VELo E-COM~a' (M/5!: 314. 261. 2d6. 174., 12*6.e
CULjFFICIENTS Of- CUdIC PLGLYNOMIAL/STANDARD DEVIATION
-;A od419t-40 0*44 (#.4 -fo.2794fi 4 0.101aE 07 / 0*0069 (NO)

NOSE- VtLL 1)Ii4ECTILoNCDL6a) 1. I obJ 0.3 -100 -2.0
SEPAi4ATIUN A'jGLL(Lo1GkLED. RkLATIVE TU NOSE VELOCIT7

ACOVE :.:..:::::.:.:: 0t* 79a 6:3 *88 5m0

C*Ge VEeL V-COMP. AN/SI: 9. T. '40. 0. -2.
COEFFIClI.NTb OF C~bIC. POLYNOMIAL/STANDARD DEVIATION

CoG. VEL* X-COMP. (0/1p): il4o 260 . 228. 174. 126s,
COEFFICIENTS OF CUbIC POLYNSiMIAL/STANOARr, DEVIATION
-~J.I462E 00 0..344E 03 -0.2*80QE 05 0*102GE 07 / 0.0069 (NO

PONCELET DRAG CLtFfe - 1.760
VO As 314o STAN~. QE.VIAm a 0.0133 (M)
C*S. VtL. X-CONP. CMlbJ: .314s 273. 223. 182. 150.

RECORDED TIWZ OF M4AXIMUM/MINIMUM COIL VOLTAGE (S)
MAX 96.PL24 .iQul957 ouuJ571 00058-19
MIN *06w7)4 .e,4J29bu .I04 752 .007298

COMPUTLD NOSE. PUSliEION Ar MAAZMIN COIL VULTAGE ("I
AT MAX J10610 fj05 11 U01124 lo116
AT MEN Ds,19~4 00715 0.995 1.248

RECORDED COIL POSITION (M)
0.0 0.486 0.791 1.066

DIFFERENCE BETtvt~t COPIL AND NOSE AT NAXeMIN VOLTACE (NO
AT MAX 00016 4.1,25 0.o033 0e032
ATMIN '3.194 0.*240ýd9 U.2G4 0.162
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&HOuT 5? IQ1 APPI Le A976. NO* 6 1

SAND: aiRY. OENs1TY:16.S6. KU0*031 APPROACHING VELOCITY: 196. MI~S
PkQcJh~CT1Lk: SOL1O) 5TEP-TiEI KASS(0*65a KGo 0=0.09 M. L=0*2313 M

X-RAY STATIO3N **e.4*... N0.1 NOvd NO.*3 0404 NQ.5

TIME (SECOND) ......... .000279 .001422 .003090 *00O5?.12 *00184&.?
CENTER OF GRAVITY POUATIGH (NJ

VERTICAL ooe....'.... 0*1#40 4WIV8 Qo113 C,4119 V*142

INCLINATION ANGLE(CIEG)o let) 1.0 310G 8*0 1o.s
SEPARATION ANGLLIOLG"LE)
ABOVE ....... 00.86...... 3.5 4e ter
BELOW *0*0..090........ * 4.5 85,0 lot 1.

NOSE WIDTH (04 ON FiLMJe to eU 254) o 01q2 JL 4 ý1 00024J 00025C.
NOSE PCSITION (NJ
HCHIZONTAL, .......... Q0.05 0*239 0.477 0.785 1.054
VERTICAL ....... 091V.2 0.11u (04119 O).I36 C.164

INPUT NOSE PCEZTICIN (M)
t4CRIZONrAL a***...... 0.0,34 00241 00469 O(6774 1.032
VERTICAL sooso....... -0.121 -$4.110 -0.01cu -0.0060 -0.044

NOSE VEL. Y-COMPa (M/,'): 70 6. 6. so 12.
COEFICINTSOF CUBIC PULYNOMIAL/STANDARD DEVIATION

COEFFICENT 00 6977E Q1 -Qo.554E 03 O.616SE 05 1 090009 (M)

NOSE VEI.. X-COMPe 1M,'SJ% 180.e 162. 1390 109. 79o
COEFFICIEiNIS OF CUd11C PUJLYNCKIAL./STANOARD CIEVIATION
-00a329L-c1 (001842E 03 -00790BE 04 0.13418E 06 / 0900911 (M)

NOSE VEL. DIRECTION(OLG? 2.1 2.1 ;2.4 4.(C 8.9
SE~PARATION ANGLELOLGLE)o REFLATIVE TO NOSE VELOCITY
A80Vk .............. 4*4 4.0 1.og *4 -0.1
BELUW e...v.......... 3t 4 s@. *p* 3.1

CoeG VEL. Y-COMP,v (54/5): 8. so 2. 4. 144
COEFFICIENTS OF LCUbIC POLYNOMZALISTANDAR0 DEVIATION

Uo9773E-O1 0*95b8F- (1 -O.2464E 04 091034E 06 / **0007 (M)

Ceo. VEL. X-CONP. (N/S)PJ 179a 162. 139. 149L 79*
COEFFICIENTS OF C~.JI1C POLYNOMIAL/SlANDARD IDEVIATION

delJSSE 00 0.183bFE 0.3 -Go7b~lE 0)4 Qw1298E Of 1 0.0099 (M)

PONCELET DRAG COE~F# z 1*604
Va 139. STAND. UVIA. a (.0167 (M)

C.G. ViEL. X-COKP* (M/Si: 19(0. 165# 139. 113. 92.

174



SMU bu 1 . A9R.ILo L97:9 NO. I ,LQ2~

SANr.*: EoRY* OtNSzrv:a53b* KG/M*03** APPAU4CI4ING VELOCITY: .334a M/S
PROJ&CTAI.E: SOLIV bTES'-TId.R MAS53J.5647 G Du0.02 M -ez

X--RAV STATION o........ NO 9 1 N002 r4Oo 3 NOo4 Noes

TIME (SECOND) woooseoue .o4J0Q~7 o000780 o001975 o003404 *1;05100
CEI'eTER OF GikAVITY POSITION (NJ

MCk1LUhTAL oseeeseesee v.m0 g 0.066 0.381 0*643 0.9*4

INCLINATION ANGLE((.Jt.)o Gov 000 0.0 -1.0 -2.5
SEPAe4ATION ANrvLkh0EGAEk)

btLUW ... ,...... 6.5 4.0 5.0i.NUSE wEDTrN CM ON FILM)* V*26 GoU230. 4..240 0.0240 0.0O40
NOSE POSITION (N)

MCkESONTAL .......... 0.Q.S1 vow J.503 0.765 1.036
VEiiT1CAL ............ 0 0 0;5 3.0691 0.102 0.102 001C02

INPUT NOSE PCS:TILJN (M)
MCkIZUNTAL oo*2***oqo 40029 (,*2f5 0049? om?5u 1.016

NLSE VEL. Y-CCJMP* 4M/5): 7o 4. to -0. 0.
CUaFFICIL.NTb OP CUbEC. PULYNOMAAL/STANDARD DEVIATION

O.94CE-Q1 J*72U~r. 01 -I.*.1g77E 4 u.1715F. 06 / 0.wJCO7 (M)

NOSE VkLo X-COMko iM/S): ac,3o 2669 2120 170. 153.
COEFFICIENTb, OF CUbIC PCJLYNOMIAL/STANDARD DEVIATION
-tJ.Iu6E-01 U..s&13L 03 -0.3136L 05 0.20;?OE 07 1 090088 (M)

hOSL VEL. OIRECTION(OLGI 1.3 140 0.4 -0.1 0.2
SEPARATION ANGLL(L)LGkEE). kHELAT1Vr. TO NOSE VELOCITY

AbOVE oo#9*o.*o.o.... 400 2.9 5.2
GELOW ............... 000 5.6 3.6 2.3

C.Go VEL. V-COMPe IM/SJ3' 6. 4. 2o to 3o
COEFFICIENTS OF CUB1IC POLYNOMIAL/STAND)ARD DEVIATION

OP942YE-01 t~b2v 01 -0*1423E C4 091305E 06 / Q0QoC4 (M)

CoGe VEL. X-COMP.* (M/5): 303. 266. 212. 1700 153.
COEFFICIENTS OF CUOIC PCJLYNGNIAL/STANDARO OCVIATION
-0*13,96E 04.# t;3112t9 03 -G.4138E 05 GoidO74E 07 / 0.0088 (M)

PONCELET DRAG CfL~F.o A 1.913
VO = dl2o STAND. DEVIAo - .ý.0088 (M)

(eGo VEL. X-COMPO (I/SJZ 311* 267o 212. 1709 137.

R~ECCL~kOEO TIML Of MAXEI.DM/MINIMUM COIL VOLTAGE IS)
MAX * 00(d 155 .401916 OU03494 .005516
MIN .00OG745 .00(29kg .0ý04801 *007075

COMPUTLO NOSE POSITIOjN AT MAX/MEN COIL VOLTAGE IMP
AT MAX 0.0047 Cie6 0.b 782 10100
AT MIN Oo2#j5 Q a684 0.990 1.355

Rk~COVE0 COIL POSITION (Mi
0.l U4b6 J9810 1.086

DIFF~kENCE BETWLLN COIL AND NOSE AT MAXE'MIN VOLTAGE (M)
AT MAX G.047 -000cl -49G.28 00014
AT MEN 0.205 $)Olga 40180 0.269
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biIUT OV 122 APRIL. 1976. NO* 2 J

SAND** DRY. DENSLTY:15369 KG/10*43i APPAGACHNI.G VELOCITY: 335. M&/S
PRUJUCTILE: SOLID STEP-TICA MAb5:09564g KG. O=0#02 N. LuO.238 K

X-RAY STATION ......... N~o. Noog NQ.3 NO.4 NO.!5

T11841 (SECOND) .e....... *foO01L7 *0Q0795 .002050 o003491 *005696
CENTER OF GRAVITY P'OSITION (M)

MCRIZONTAL .......... -0.C.U1 Q.097 0.396 O.660 0.*989
VIERTICAL ............ O.Ii,6 4;0106 40109 001II5 L.108e

INCLINATION ANGLE-CL.EG). 094 0.5 -1.0 -.305 -4.5
SEPARATION ANGLL40EG5REf.)

ABOJVE *o...o.*o,..q.. 605 3.5 2.5 2.0
BECLOW oeOOOeOO ...... *** 6e5 5.0 1.u

NOSE WIDTH t14 ON IFILM). 0 9024C; 0*0240 0 e0220 0.0220 00.). it.
NOSE POSITION (Ms)
HORIZONTAL .......... O.0041 Q.2l9 0.518 0.802 1.141

VERTICAL ...........a 0.106 U9109 jp 107 0.107 to 0t91!
INPUT NOSE POiSIT14jN imjh
HCRIZONTAL soe....... C..02 Q.217 0.517 0.798 1.109
VERTICAL ............ -0.116 -0.112 -#;,B&13 -0*113 -Li.122

NOSE ValO Y-COMPO (M/Slt 2. 1e -(o. -2. -6.

0#1054'E 00 0*912L6J 01 -Qo*m.JOE 03 -t).2995E 05 / 0.001.7 tM)

NOSE VEL. X-COM~o tN/S)Z* 277o 257. 219. 1750 ICS.
COEFFICIENTS OF CUOIC POLYVNOMIAL/#P1TANDARO DEVIATION

*~09573'.E-62 *26#28iE. G3 -0.1.S9f. 05 -Qo9062&. 05 / 0.0016 (M)I

NOSE VEL. DII4ECTAUNI'OEG) Oa4 0.3 -0.0 -0.7 -3.2
SEPARATION ANGLE(DtGREEJ. RELATIVE TO) NOSE VELOCITY

ABOVE oOOO*cO..e*O.. *** 6.3 405 5.3 3s3
B ELOW .s............. 00* 6.7 4.0 3.2 5.7

COG* VEL., Y-COMPO 4Mis): -0. 2. 3o 2. -9*
COEFFICIENTS OF CUBIC PLLYNOMIAL/STANDARD DEVIATION

O.IQ62E 00 -0.IQ0.*E 01 O.21105E t04 -0.SSQSE 06 o" C.0014 (1A)

CvO. VIL. X-COMP. (M/S), ;,76o 257. 219e 175. 105.
COEFFICIENTS OF CUBIC PC)LYNOMIAL/STANDARD DEVIATION
-0.1163E 00 0.kdQIL 4J -O.1451E CS -Oe993.3E 05 /' 0.0016 (NJ

PONCELET DRAG COEFF* a 1.667
WO a 2199 STANG* DEVIAs 0.02?6 (M)

COG* VEL. X-C.QMP. 104/b): 314. Z73. 219a 179. 140o

RLCORDED TIME OF MAXIMUM/MINIXUM COIL VOLTAGE (S)
MAX .004062i .001916 .003500 o005466
"INI 00Qi749 .003000 .0048:39 .007205

COMPUTED NOSE POJSITIO.N AT MAX/MIN CUIL VOLTAGE tMI
AT MAX O0003 0.4618 0.804 1.087
AT HmI /0.24, 0.713 1.010 1.233

RECORDED Col POSITION (04I
0.0 0.486 0.810 1.086

DIFFEREN4CE BT WLEN COIL A14D NOSE AT MAX/AIN VOLTAGE (M)
AT MAX ';0. U,93 (o.02 -0,006 0.001
AT 04IN /OOS 0.227 0.200 0.147
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SAND!Ok~ oiz.NSiTY:A18.ý eKG/A*03*J APPR~OACHING VELOCITY: 336. MISPhOJJECTILE: W.LLIL) bT~i--Talk MA^5.:wsb636 KG. Dsf4..* Me, LaO.238 Ml

X-RA~Y SYArZOiN..... NO.,1 N4G.2 NfO.3 NOw4 N065

V rLMIAE SELCt.ND) ......... .OQs140 .uC4,703 *.)0205,ý .003509 .005714
CEN.TER OF GRAIV4rF PUSIT1CjN (Al0

INCLINATIUN ANOLL(V~kI. 1ev -0.5 -.1.5 -4.5 -4.5
*SEPAkA T,' ;, AN~jL ( Lý G~kE.I

NO$S6. tv.aTN- (Ml -N FILAls. wet,25( loo 0. J 023Q 0.09~30 0&0235
N4OSE FUJ~SM~ON (A)

H~k1Z~)#.TAL 4,oooo )43 2si 1ý ~J.51u 0.790 Ie094

INPVT NOSE PUSITLeN ;M)
MOkIZONFAL a........r (#a04 V0207 0.507 0.783 l.o,06
VERTICAL oeeesesooovs -0.116 -0*120 -0*120 -0.120 -0.124

NOSE VEL. Y-COiNP* 4Al/5) -Do -40 ca, 1. -6e
a ~COEFFICIENT$ 3F CUbIC. POLYNOMIAL/STANDARU DEVIATION

461076e 00 -4066J71eý 01 1,.J126E 04 -G.4400E 06 1 0.OC017 (Al)

NOSE VEL.. X-COmpf (Al/SI: 2844. 264; 215. Wp~ - C90
COEFFICIENTS OF Cu1C. PIOLYNI.ýMIAL/STANUARO DEVIATION
-0.*.29bE-02 cobc w3 -lu.1v3'g 05 Ue4221E 06 1 G.0010 (M)

NGSE VEL. DIRECTLLNMCE6) -lob -0.9 0.0 0.3 -30.1
StPAkATION AN1GLh.(OLrfkLE). PELATIVE TO NOSE VELOCITY
ABOVE *o.**oaooooo... 7.6 7.5 0ea 3.4
BE-LOW a..*..&.s..e.... 6.4 5.5 36i: 6.6

CoG. VEL. V-COMPo dAl5): -9. -3. 4. 4. -10.
COEFFICIENTS OF CUbIC, POLY NUlI AL/STANU AD OEVIATICN

-0A2~E00 Oo.dU9b5 03 -Qa.i926E. 05 094076E 06 1 0.0011 (M)

PONCLLET DRAG COEIF. a 1.815
VO - 216o STAPI~.. UEVIA. a G.0221 (W)

CoG. VEL. X-CC#4&. (Al/b): 317o 274. 21t6. 173., 134.

RECORDED TIME Of MAXIMlUIM/MNIMUM COIL VOLTAGE (S)
MAX 900i1U9 4.0 19 Uv3603 .005767
MIN 000*ub9v .002957 .004944 .007491

COMPUTED NOSE PUS1IILýN AT MAX/MIN cUlL VO3LTA"~ (M)
AT MAX 0e026 0.484 w.806 10101
AT MIN wo1da 0.6503 1.0O04 1.254

RECORDED COIL POSI1TZ-I (MI)
jot, 0.60.81c 1.086

DIFFLRLNCE OETWLf*4r COIL AND NLSE AT fjA)'/MIN VOLTAGE (M)
AT AlAX 5.V26 -%;oO-02 -0.004 0.015
AT AlIN Colds 0.207 4.194 0.168
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bOUTbe. 22 APRIL# 1976. hO. 5

sANC:~ 0AYq. DESLTY.* 536. KG(WM**34 APPROACHN~tG VELOCITV*9*N/
PROJELCTILLk. bOLlUb bTh6'-TIER MASS:*%,e563J KG, 0=0o02 Mv LSQ*ZiA MS

X-RAY STATION *****s.ee* NCO.1 1,4044 NO.3 NO*4 Nuej

T114E (SECOND) o........ 9k#Qtoi683 .*)QkA46 *002702 .L.C40iý

CdNTER OF GRAVITY POS17 ION (A')
IICRLLONTAL *.......*. -0@077 el a j7 0.379 0.624 0.84T

VERTICAL *...... o.u. 14IJ6 ve 1i6 0.103 0*IIE

INCLINATION ANGIL(OL.Go 1 0 1.5 3.5 5.5 8.0

bEPARATION ANGLELI 4t&EJ
AkSOVE .......... 9*b 9*5 9.00 *4
Ut.LLUW *.......0. 5.5 3.0 1.5

NOSe *IDTH (A Of4 FIL~*. %;*.o5C 0.0QJ3i J*u23G aJ.02.I0 0.322

NOSE POSIT ION 004
HLDRIZONTAL .......... 0.045 002,4 i.soI 007A6 0.9613

INPl:.T NUSE PubiTIUN (M) -. 11 -. 0 -. 05-05
MCiPKI40NTAL .me......e Uou47 0.229 %19496 0.732 0.95%)

f NCSE; VEL. I-COMU. (NI'S1 190 So Is 5. 24a
C~jIFFLCIZNTb OF CWbIC PULVNUMIAL/STANDARD DEVIATION

Jo1U49E 00 0.1..bfE 02' 7-C*7A44i #.4 0*14tbE 07 / 0.0015 M

NOSE VEL@ XKCOMP* tMd613 344o J120 258a 2030 1,390

COEFFICIENTS OF CUdl(C POLY IUMIAL/bT ANUARO DEVIATION
0 * 1033-0 2 ý..sbltoL 03 -4o4.493wk GS 1694710E 06 / 4JcOG19 (t4)

NUSt VEL. DIRECTIuN(Lh&G) 2*0 lo. %6*2 1.5 9.8

SEPARATION ANGLL(Lo."LG)ot RELATIVr. TU NOSE VELOCITY

0EO 6w bo3 65.

Cs(pe VEL. X-CUMI¾* 04/5): J444. 3120 d!590 204. 1400.
COEFFICIENTS tuP LUbIC FJULYNUMIAL/bTANDAND DIEVIATION

-00124,03E OdC j.j5lwt~ 04 -w.-dEll 05 uo4649E v6 / C.oC.20 (Ml

POiNCLLET DRAG CCLFFe 92
VO 25'i'. STANý09 LJLVIA. fjeu2~jt (M)

Ceo.o VEL. X-CJMP* (P4/o)v J74. 321. 2590 213. 175.
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SHOT1 63 4 2d APAI'LL 19769 NO. 6 b

SAND-', IRV;, GkNSTY1*536* K~ai'M#*Jq APPF40ACHINiG VEL.OCITY: 41S, N/S
PkiL.#k.CTILE: $0LIL) bTk-TfIER AASS~.*;5b3J KG. D=Q.CZ M. Lu%)o230 M

X-RAY SrATIUN ......... NuoI NO@,? NO.m3 NO** NO.5

CENTLki %F GiRAVITYV P£SlrITION 4m)I ICkIZONTAI. .......... -J0?1o~ .014f 0.396 0.711 C.989

INCLINATION ANGLILiCjfG). k*5 3.5 8.0 11.5 1195
SEPARATION ANGLt(UEGkL~,)

NOS~E blOTli (M ON FiLM~ov %#.i!$4o 4G.C23tý 0*0230 CoQ2J3J 0.0230
NOSE IPUSITIUN (M)

VLATICAL setoos...e., -VoAlb -Ci.1u9 -Q.098 -Q0?08 -0*0552

NOSE %tLLe Y-COMP* (M,15): 6. so. 11 13. 13.
CCEFFICIENTS OF CUbIC PULYNOMIAL/STANDARD flEVIATION

091(;6312. GQ0o )bJ#UtL 0 1 Iasa.34L G4 -Go.263E 06 / Q.0004 (M)

C04FFI1CIENTS OF CUaIC PU~LyhWMI4L./STANOAR0DE0VIA~TION
O04.01$E-02 Oo49 03 -(*9U fth 4.w'9E ('6 / .OO£46 (M)

NOSE~ VEL. OIRECTION(DdLC) 1Iota l.b 2.5 3o9 504
SEPARATION AMGLL(i4Ekt& IdELATIVE ru NIJSE VELOCITY

AUOVIE eeeeooooý **..0) S 0 & 4.4 4.9
BELO8' 6eiu 7*0 8.6 7.1

COEFFICIENTS OF CubI. P0I.YNQiM1AL/STAt&OARD DEVIATION
0*14)231 00 -C*41ts40L 00 Qo6Q?%7j& 03 G.IS77E 06 1' 0*0ol8 (M)ICoG. VEL. X-COMP. (M.4'5): J42. 31;d. 2590 196. 131.

COEFFICIENTS OFý C~bIrC PJLY NOMI ALoTANO APO DEVIATION
-to.&12#.oIE 0. OQ QJ4ýUE 03 -0.2b62E G5 OsO38'2E 06 / VoOG44 (M)

f ~PONCELET DRAG CG5-F.PF= 16811
VO 259a STANLd. 0EVIA... ýA 0.0216 (M)

C.Ge VeLe X-COMP& (M/5): 376. .327. 259. 2030 160.

1.79



SH4UT b4 CZk APRIL. 1976, NO* 7

SAND: DRY. OkENSIrY:*1Ubz1 KGeM**3I* APPROACHING VELOCITY: 4099 N.'S

PAQjtCTILh~: 50LICU STLPa-T1IR MASS:4Je5633 KG, 0=0*02 M. Lza).238 M

X-RAY STATION sees***** NO*l No.da NO.3 NO.4 NO.5

TINE (SkCCONV)) ........ 0146 *QG0b74- *001693 .30310C DCC48GI
CENTLR OF GRAVITY POSITION (M)

VE&T1CAL *-....p...... 6 t* '94 o.9 cf~a 4099 C40102 0.122

INCLINATION ANGL.EI&UihG towj 105 so(, 10.0 9.5
1.-ýPA5AT ION A.-CL(U&GME.L.
ASUVL~ **oo so........ 9*0 85 7.0 13.0 11.0
ddLUW o..es.......... 60 t 4o5 29%o 1.5

NOSE WIDTH (N CM FILM)* 0.02i5O 0.s02e30 0.90 23(.. C.0eZS 0902211
NOSE PUSITION (M)
HCRIZaNTAL .......... (o9C id t id.21 0.0508 09824 1.098
VERTICAL .o*.......... Qo(#97 uI0 0 .1c 149 0*.IJ (Jo142

INPUT NUSE PUSIT16N (M)
HkLRIZGNTAL o......... 0.u43 0.2zu 0.504 0.822 1.094
VERTICAL ........... eo -Oal.28 -v*12L -c# a I I -0.0s5 -0.075

COtiFFICILNTS OF CUbIC POLYNtiNIAL/STANOANO OLVIATION
j*9560E-01 0.6va4d ulb 4.ao.90E 03 -0*5642E 0S / 0.0002 (M)

NOSE VEL. X-COMP* 04/5): .350o '166 257. 91 137.
COLFFICIENT5 OF CUBIC POLYNUMIAL/!2TANDARO DeVIATIUN
-Uo8bJbE-42 Gs.46PbE (J 4 L.J*2d9F 05 id1 5.ib4E 07 / 0.0034 (M)

ROSE VEL9 .NETI CN(LG) 1:2 1.6 20 3:1 4:5
SEPARATION ANGLL(&L6RE-I.) FALATIVL Tu NOSE VELOCITY

B E L O . . . . . . . . . . . . . . . 9 * 0 * .5 7 .4 8 .9 6 .5

C.G. VELL Y-L.OMP. 184/S): 6. .3. 1* 5. 2G@
COFFICILNTS OF LUajZC (J0LYNUjNIAL/5TANOARD DEVIATION

09934E-0 (j.40d Oft -0.3046k 04 0(56~i99E 06 / 0.0005 ('4)

C*oG VEL. X-COMP. (N/51: Js49o 31bo 258.* 192. 135.
COEFFICIENTS OF CUBIC. POLYNUMIAL/STANOARD DEVIATIUN
-JO1405E 00 0oJ5S#Vu E,4 -U*J350L G56 uI4iE 07 / 0.0¶,36 (M)

PONCLLET DRAG CGkiFF. - 1.917
VU 2586 STANO. LtLVIA* uoo;.174 (N)

COCO VEL. X-CO,*P. IN/b): 38-3. 3;!9 0 258o 199. 155.

RECU'hOE& TIME OF MAAI0*JM/MINIMUM CCIt VOLTAGE (S)
MAX 900ulk4 *4tA6&6 .ij02V72 .004770
MIN e 0o6l i~-i 7 of;4L4 46 .006124

COMPLPTED NOSe PUb&TI(UN AU MAX/1NIH CUlL VOLTAGE (M)
AT MAX O40J5 640497 00798 1.094
AT MIN 0e.217 0i.711 10003 1.261

keCGRL)ýD COIL Pw4ITILN (m)

ZIFFERENCE 03ETWi~f.N COIL AND NUSE. AT MAX/PfIH VOLTAGE (M)
Al MAX .i.U35 C*011 -0*012 0.008
AT AIN (J.2t7 0.2,2b O.*!g 0.175
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WhisJT 65 £ 42 APRIL. 1976. NO* a I I

SANc: D44Y, ULNSITY*548U. KG/M**Jo' APPROACHIN~G VELOCITY: 4C7. N/S
PRO JECTILAi: UQLi(J STLP-TIE.R MASS.;0*5631 KG. 0'O*Qa0 He LwO.2JO0 L

A-RAY 5TAYZUN ......... Ncoo A NO. 2 NUJ.J NC*.4 U4.5

I ~CENTER OF GRAV17Y POSITION 00b
IHr4ILONTAL ..........o -0O7%i %)*tic 0.396 0.71.3 0.991
VERTIC.AL ............ a1(oi t 9 .144 t.:4 0.108 00111

iNCLINATION ANGLEM(EG~s 0Gw 6.0 0.5 -1.0 .3.5
SLPAHATICJN ANGLU(CERFr.F.)

ABCJVt ............... ** 704) 6.5 5.5 2.00
SELUW .............. **1* 6.5 4.5 4.5 8.00

NOSE WIDTH (M ON FILMJv 09U2%~ 4st)2j35 09024J 0902.30 0c0230
H~IONA 000.00 J9052 0.232 "0.518 0.635 1*115

VE:TICA **9ooeeo oIIA oIQ4 QO:04 o a Q6 4:1030
INP6dT NOSE~ PUSIT1IJN (M)
MLtk14ONTAL issee *45 (022 4v51 083 111
VER.TICAL ............ -0.1a4 -0ý 1 lb -0.118 -0.18! -Coale

NOSE VEL. Y'-:.ZiMP (N/0S): be 3o 100 -1. -2v
COt.FF1CI.ZNT5 OF Weir- PULYNUWLIAL/STANOARO DEVIATION

0.5v693E-01 094867t. 01 -0*11436 0~4 0059gue 05 / .43017 (M)

NOSE VEL. X-COM~o tM/SIS J448 314. 257o 193o 144.
COdFF1ll1ENTS OF CUaZC~ PUjLYNOMIAL#'STANDARO DEVIATIUN

-JZ~u~Co~bbtk& (13 -0.34Ui8E (r5 O.1629E 07 / (1.0(22 (M)

NCSIL VELs OIRECTION(LJEGJ 0.7 0.0 0.3 -0.2 -0.8
SEPAkATICM ANG1L(UL(ILEEI. kELATAV1L TU NOSE VELOCITY

ABOJVL ....... ** 7.6 6.3 6.3 4.7
BELOW.*.ea 5.9 4.7 3.7 3o3

C.Go VELo Y-COMP# (M/b: Z. 20 2o 2. 2.
*CUEFU-ICIENT5 OF CUBIC POLYNIJOMIAL/STANOARO DEVIATION

43.1003E 0G0 o.aWs7E 01 O.IVOUE 02 -O.1&.o7ft 05 /~ Uo.G25 (M)

C*Go VEL. X-CO*4P9 P./51: 348. 314. 2567 194. 144.
COEFFICIENTS OF CUbIC PULYNUNIAL/STANDARO DEVIATION
-Go.I4bE Gi, Oo.$69VE 43 -U.3408BE 45 0*1626E V?7 / 3.0018 (M)

PON~,LLET DRAG CU1LFF. & 9'
VO = '?57 STAN~o. 6EIVA* = Oo33 (M)

CeG. VEL. X-CONF'. 4NM'S3 478. 3,;r5 e 257o 199. 157.
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*4OT ob 4 4 APh1Ls 1(70 No* 9 1

SAND: DRY. DciNS AT v~~O 0 K/**3; A (iIOACNHNG VELcJCITNI Sb.0 "S

PROJIECTLLI: A*Oqo.. MASS:u.I0d24 KG, ozQ.Oa Me Lm0*O?G

X-RAY STATION *........ "Osl I mug NO*.3 NO.4 No

TIME (Ste.CONUI 006000&00 00"O124 04Oi58 .oo)7981 *02COOO vI0O0JO0

CEFNTC.R OF GRAVITY PUb1T1LUN (M) 9*4

INCLINATION ANGLE(Ok.). -64 -49g eo* *** **0

SEPARATION ANGL-t(LhGRP;E)
AGOVE ...... eossee~ 00
dELOU eo.s*0960*90 6 %*** ,04

NU.Se tmIDTth (M ON FiLM)o Q-0.~4 A** ~~'
NOSE POSITION (k C6 )06 ,9 e*3 I,4

HGAIZONTAL ovaeolesof, 0..2 J~7 035 H..9a.4

INPUT huse PUSITION IM)
HERIZONrAL tooo*00*00 4 OUI69 0,274 0,367 **** *****ft
VERTICAL .~.....-0*I40 -(00156 -(g.177 or-*~****~



SHOT bV al APIILs 4976. hOeIO I

SANr.3 DRV. 0df4SlTW31bJ~o KGi'MO*3& APPROUACHING VELOCITY: 575. NO'
PROJt.Cr1LCA AoN.ho MAS;640oQ4J19 KG. Q*4*.(2 ke LUO.*u7J M

X-RAV SIATIOI4 eoo...... 1-401 NO.2 KO.03 W004 NO.5

TIMh (SECOND) .~e...... wVV01O46 oie0A1G6 .#i07981 o420000 .100000
CEWE&R OF GRAVITY S5U.S1T1ON (m)

hLR1I~tNTAL aee~eipoom s; ~0 66 ao248 0 4 364 18.839 19.144
VFN~TICAL oo..se.ea. % )... 86 4 o C*.C69 0.062 16*9a1 15.124k

1INCLINA?1Otl AN'GALE(OE'G) - 7e ... 5*5b. **,* *0*0*
bEPARAr11M~ ANGLl~i&,kCkl0-I

AB~OVE *essesoeeeeesoe 4.4W44

NUSh siOTH 814 ON FI1LM)* 0*46 Go0240 0*0240 4S* ***
NOS& PUSITMN (M)

* E4RI'.WNTAI. .. 4,.eeose O** u.J24 O.364 18.839 19.144
jVEkTICAL 9........... 00066 Q.o,69 0.062 18*121 18&121
* INPUT NOSE PUSATION (M)

NLMkllONTAL .. ~oe...e. QQC73 Q0252 4.3304** ***
VERTICAL ,..~...-Q.1*i -0*164 -0.166 ***444
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SHlOT 66 £ aj APfIL9 1970. NO. I

SAND-: wE!. 0C S1T'*V.S&,0, . Qj**j; APPR~OACHN19G vELOCITY: 3%7. W/S

PROJkýCTILC3 SOLID $TLP-T1ER MASS&%o*
66* KG. D010092 Me LnO*2316 M

X-fPAY STATION ooooosefv NO.1 No. 2 NG.3 NO04 Noss

TIML (SECOND) goes***** .000116 *c000637 eGO1593 *002491 *003845

CE14T1ER OF GRAVITY POb1T1ON (0..

HCRIZUNT'AL *.....eee a006 e...u 4.e421 0.693 1.039

VERdTICAL ........e...(0 .9; ll" .103 as.105 0.109 0.I113

INCLINATION ANGLE(LOLGI. g0j 4014 COO -1.0 -3.0

SIEP AFAT ION AN(pLt.&Ut~E0LEEI
A5OV& ****of*-'e' 0009 13*%0 14.0 12.0 To.'

BELOW ........ *. *:..** L44 104 14.0 12.0 12.

NOSE WIDTH 41N Oh FXL10a 0.Q0S5a Q,0J434 C.4ugo g0*093 0.024SC

NOSE P.OSITION (m) fe000 021 *4 01 *6
.4CNIZONTAL *,,.. ~4 .2 .4 .1 .6

VERTICAL ..... se .09* to.10i3 Q-105 0.10? 0.107

INPOT NOSE POSITIGN IN)

14CHIZONTAL *.......e* (00041 0.220 0.544 0.812 1.164

VERTICAL **..eseeeeso -00as5 -o6a11 -0*11o -0.114 -0.114

NOSE VEL. V-COM9. (iq/SIS 'a 5. 2. of I*

COEFFICIENTS OF CUbI4L PO2LYNUMI AL/OSTANO ARO DEVIATION

* ~ ...9632E-01 0*661ftE 01 -i,.4ub0E 04 0.3592E 06 / 0.0,t.'1 (N)

NO0SE VEL. E-comfP. (N/s): 355. 346. 321. 288. 216o

COEFFICIENTS OF CUfbIC FICLYNUMIAL/STANDARD 
DEVIATION

-00.1002E-02 0%.45b1E 0.J -0*6I1.12E U4 -0.2060E 0? f 0.0013 (MJ

* NOSE. VEL. OIRECTICJN(QkLa) 1.4 0*9 0.3 0.0 0.3

SEPARATION ANGLAAOEGAEE.)o RELATIVE 
TO NOSE VELOCITY

AIDOVE oe~ooooo *4** 13.9 14.3 13.0 10.3

BELOW ooessooo*06490* 4*0* 10.1 13.? 11.0 8.7

C;G;,VEL. Y-COMP9 (k/SX To 5. 3o *is so

C EFP1CIENTS OF CUbIC POLYNUMIALdfSTANDAkD 
DEVIATION

0.9856e-0I 097k34b Ca1 -0.Z10'
1E 04 0.3144E 06 1 0.0091S (M)

C;G. VEL. K-COMPo (M/SI: 354o 346. .321. 2980. 216.

COEFFICIENTS Of CUbIC PULVNOMIAI-/STANOARD 
DEVIATION

001l~94E 00 00356UE 03 -0.6f0QkL 04 -o..Z064E 
07 / 0.0014 (M)

PONCLLET DRAG COEFF. a 0.614
'10 a .S21* STANO. 0LVIA. As C.~17? 4M)

CoGo VEL. X-COMP* (MiS): 385. 360. 321. 292. 256.

RECOROEO TIME OF MAAIlkMN/MINIM4UM COIL VOLTAGE (S)

MAX .000084 .0*01494 o002457 .003616

MNI e00v~bb *0402149 ******# *004394

COMPUTED NOSE PUS11ION AT MAX/MIN 
C.OIL VOLTAGE (MSl

AT MAX ,houida 0.510 0.s806 1.109

Al MIN 0*197 0*7A1 ***** 1.271

RECORDED COIL PuSITION (M)
06 0486 00610 1.086

OIFFE.4I.NCE DETWhLEN CUIL AND NOSE AT MAX4/NIH VOLTAGE (0M)

AT MAX 4*.0zb 0024 -0.004 0.023

AT MIN 0o.197 a *** % ~ 00185

184



&%T6v k3i APRIL. 1976. NO* 2 1

SANCI vjET. 0O.N5ITY3*20bLo. KG/M*03 AIPPROACHING VELOCITY: 39s. M/S
PkOJLCTILE*' hOLO .aT.P-TILN MASSO.*5644 KG. DRO0C2 Ne LS09238 M

X-RAY STATION ......... NCO *3 N(#@ d NO.3 N0.4 NO.5

TIME (SceCONO) seeoe..... e.j0uwt.. *OQU618 *j.01596 *002472 *003645
CENTER OF (AAVITY PGCSIT1GN (M)
HLRIZONTAL .......... -0oio92 40*111 06446 0.719 1.075
VEPTICAL ........ Q 0j.123 '20132 06130- C.138

INCLINATION ANGi4(..E.CL)9a %005 0.* 0.0 0.0 -3.0
3EPAIRATICN ANGL.LEt(LjkGFLE
AbOVE ............... **0 7.0 9.00 *4 6.0
WSELUN........ **** 7.0 12.0 *64 11.0

NOSE WIiJTI (M ON IILM). (o e 0ououjic j*4)240 0.0234 C..3240
NCSE OUSITIU14 (m)

MEIICRONTAI. .......... U e .i 0; 233 0.570 0.841 1.197
V&.RTICAL u9..... 121 toe&26 C00132 0136 0.131

INPUT NOSE PUSITIUN (M)
HC,4IZONTAL ee....otst 4; 0 3.t 0234 0.5?? 0.642 1 fdoa
VERTICAL ............ "U@09? -(P*090 -u.086 .,;Ob60-s00005

NOSE. VEL. Y-COMP. %.M/S1: 100 90 5e at -7.
COEFFICIENTS OF CUBIC IPOLYNOMIAL/STANDARD DkVIATION

0912%.6E 3G06ACOu7O. aid CeIS55iE 04 -0.1359E 06 / 0.0016 (M)

NOSE VEL. X-O.I/) 0. 34 325. 267. 235.
CGEFFICIENTS OF (,UuI( PL.LYNuMIAL/STAt4DAND DEVIATION
-u.LI,24e-QI Qo4#j61&L 03 -0.2790E 05 s;&9462E, C6 / 0.0041 (N)

NOSE. VEL. OIRECTIUN(ULEGI 1.5 1.3 0.6 0.1 -1.6
SEPARATION ANGLh(LCDGALEh kELATIVd TO NOSE VELOCITY

AlBCVE. oeese*........ *4* 6. 9.6 8 4 7o2
BELOW **...9*ee*..... *6*017 11.2 4** 9.8

C*G. V9L. Y-COMPe CM/fSi 3 14. Is; 0 4. 2. 2.
COEFFICILNTS OF CUBIC POLYNOMIAL/STANDARD DEVIATION M
0*1192E 00 0.I470E 02 -0@4452E 04 0.4684E 06 / 0.0016 (~

C*G, VEL. X-COMb~. (Mi/S)3 401. 374. 325e 267. 235.
COEFFILIENTS OF CUbIC PULVYNUMIAL#STANDARO DEVIATION
-3.IJ22L 00 -fokib 04 -0.2782E 05 Q#9462E 06 / 0.0042 (N)

PONCLLET DRAG COEFF. n 0.711
VO a 401o STANli. CLVIAe - U.0062 (M)

CoG. VEL. X-CCJMPe CM,/S)z 401@ 370e 323e 269. 249.

RECORDED TIME OF MAXIMUM/K1NIMUM COIL VOLTAGE (S)
MAX *00u112 *0014u7 #002416 .003562
MINe .Oob5b. .OC2U28 6044158 .004404

COMPUTED NOSL POSITIGN AT MAA.fM1N CUIL VOLTAGE (M)
AT MAX 0.005 4005116 0e&24 19129
AT MIN 00210% 4e.708 1.027 1.322

RECOkDED COIL PCS1TI~a4 (M)
0.0 0.466 v~l 1*066

DIFFERENCE BETWkEN COIL AND NUSE AT MAX/MIN VOLTAGE (M)
AT MAX 0.045~ 0.024 0.034 0.343
AT MIN 0000 t 0.222 (0.217 0.236
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$HCT 7ý, t 2J APfdL* 1976. NO. 31

SANL: WET* D1ENS1Jv:'ib#o. KG#M*03** APPAICACHIe4G VELOCITY: 24,9o P/S
PROJECTIL~e bOLILo FLAT NOSE MASS~i.o5451 V.G. O=O.02 Me L=0*2i!5 M

X-RAY STATION esog...... Noel N0.2 NO.3 NO.4 Noes

TIME (SECOND) ......... e0f#iGd2 .001130 *003220 *0055t3 sOC6428
CENTLA Of G14AVITY POSITIGN (m)

NCRAIUNTAL t......... -V.0tb5 090U94 0.408 0.667 0.8585
VERTICAL ............ C#.I&5 G.125 C#9133 09138 0.131

INCLINATION ANGL.EAL)EGI& t~41 9D4~ -1.5 -4.0 -5.00
SEPAkiATION AN4LL(UkbE&)

Ab0Vt **eoeoooe 3*C **

iIOSL WIDTH (M ON FILM). ;*2bj( 4 402 4,0 v a i4a 0#0235 L.0240
NOSE PUSITION tM)

HC*H1ZONTAL .......... O0,gi8 tjo2ij7 0@52(o 0.780 .ý998
VER'TICAL ........... , Q0.115 u* 125 w.a130 0o.13% 0.121

INP~or NOSE P0511ITON (M)
tICRIZONTAL .......... 0.025 0*24ý3 0.518 09 7 7w 0.969
VEFRTIý;AL ............ , -0.105 -C.oV93 -0.087 -0@Q87 -0.098

NOSE VEL. Y-COM* (M/5): 0o. To 1. -2. -34
COEFFICIENTL OF CUBIC PULYNUMIAL/SbTANDAAD DEVIATION

(091139L 00 0oIA#.Z5E 42 -0. L781E 64 Q*784.3E 05 / 0CoC22 (M)

NOSt VEL. *-COMP. (M/5): 19v. 176. 132. 93. 59.
COEFFICIENTS UF CUbIC POLYNCAMIAL/STANOARD VEVIATION
-to oIo74L-01 Ooiltj8L uj -G91283E 05 0.3J77E 06 / 0.0055 (M)

NOSE VEL. 01RECTI~oN(LE16 dd ieo .1 0.5 -1.4 -2.9
SEPARAT1ZUN ANGLLI.(ULGNkLL. NkLLATIVE TO NOSd VELOCITY

ASOVe ............... *4*6 *' 5.0e*4g4

CoG. VELL Y-COMP. IM/SI: 9. 7. 3. -0. 4
COEFFICIENTS OF GUbIC PULYNuMIAL/STANOARD DEVIATION
0s114IF- CG Gogiebft 01 -fi0.ISE C4 oi.*1742k 05 / 690022 IM)

CoG. VELv X-COMP, (M/S): 199* 176. 132. 93s, 60.
COEFFICIENTS OF CubIC IPULYNUMIAL/STANDARO DEVIATION
_-091237E 00 Oed36& O.j -Qo.iý79E #,5 i..J351E 06 / 0.0055 (M)

PONCELET DRAG CUEFF. m lobby
VQ - 199. STANG. OLVIA. - io.t199 (M)

CoG. VEL. X-C.OMPs, (M/b): 199. 169. 127. 100. 76.

RECOCEFCD TIME OF 0MAXIMUM/MINIMUM COIL VOLTAGE (S)
MAX 0006.24,j .403276 .006006 .010435
MIN 9001168 OCCO47Z33 o008376 .014876

COMPUTED NOSE POSITION AT MAX/MAN COIL VOLTAGE (M)
AT MAX 0*0J6 (06541 0*623 1.102
AT MIN 002111 Cs702 Q.994 1.293

RECGOREO, COIL POSIT IGN (M)
0.06 6*46 06810 1.086

DIFFLRENCE BETikhN COIL AND' NOSE AT MAX/MIN VOLTAGE (M)
AT MAX 3.066 iwa.045 0.013 0.016
AT MIN 0021W QQ.216 00164 09207
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bHLAT 71 1 AtJ APRaILP 19?69 NO* 4

SAND.' *&h1 DLNSl1YV.*awbr KG/14**Jo* APPhGCACNING VELOCITY* 268a M/6S

PROQJEC.TILE: StL~Lt) I-LAT tiUbE MAb,%:,A54Su KG. D10O.(2 M4. LnQ225 M

A-RaAY STATION ......... m4.. 01 NiOSS NO.3 NO04 NOSS

TIME (SECOND) .e....... oto0u~dl ouU1124 9003227 *00591G e009438
CLNTIH OF C"AVITY PQ~b1TIGN (M)

HCFRIZONTAL .......... -ýooh..2 .OU91 C*41.3 0.722 1.013

INCLINATION ANGLLAOC~le 26b 3.5 .3.0 5.0 0,5
UtPARATIUN ANGLE( UGIkLt. J
A80Vh ............... 6.5 69

dELUN oe*s*o3.3soo*ee 3o
NOSE %IOTH (M O14 FILM). 4*0k7(. Q *02 JQ0 * Q 24G 0.0240 0.0240
NOSIE POSITION (M)
HCRIZONTAL ......... o wev~Il ue2%#4 GS25 0.635 1.125

INPUT NOSE PLJSITICJN tM)
HCRIhLONTAL .......... Q9V 4.2UO 0.524 0.834 3.122
VERTICAL ............ -Os.104 -u.4J94 -0.087 -0.064 -00ne8

NUSE VEL@ Y-COMI- (14/6)3 8. 6. 2s, -1. -0.
COEFFICILNTS OF CUbIC PULYNUMIAL/bTANDARD DEVIATION

JellbUI. 00 096416E. ('1 -Osi.85L 4J4 4#951313 05 / 0.0016 (14)

NOSI-.. VeIL. A-COMP. (14/S33 dike lab* 135. 94. 79.
COEFFICIENTS OF CU81C POLYNUMIAL/STANOARO DEVIATION
-to oJoid7i.-01 vo.210dt Q3 -soob69E 05 0*5996E 06 / 0.0102 (M)

NOSE VEL. DIRECTIUN(DEG) 2.1 1.O 0.6 -0.4 -0.~2
StEPAkATILJN ANGL(L4jLGnF.I I4ELATIVE TO NOSE VELOCITY

BELOW ........ 66 6' 5.7 ** 6*

Cso. VEL. Y-COMPe (14/5): 9. 6e 1* -10 So
COEFFICIENTS OF CUBIC PULYNOMIAL/STANOARO DEVIATION

0*1094OE 00 0.9646E 0ý1 -0.IV078E C4 %..1236E 06 / 090004 (M)

Ce.o VEL. X-COMP. 9 /1 212. 185a 135. 94.0 790
COEFFILIENTS OF CUbIC POLYN#uMIAL/STANOARD DEVIATION
-0*.I431E 00 Qoa1U7L 03 -Go156JE 05 0*5955L 06 / 0.0102 (M)

PONCLLET DRAG CGEFF. = 1.543
VO z212. STAND. ukVIA. - .h.0125 (MI

C*o. VEL. X-COM#. iM/bl: 212. 160. 234. 101. 76.

RECOkOEO TIME OF MAXIMUM/NINIMUD4 COsIL VOLTAGE IS)
MAX oQ0v.2vO .oi.3112 *Ou45699 o009317
MIN .001155 .oGG46,g .007736 o012270

COMPUTED NOSE PUSITION AT MAX/WIN COIL VOLTAGE. (M)
AT MAX QoG15 0.515 U0812 Loll.
AT MIN 0024od 4*701 09990 1.371

RECOR~DED COIL PCJSITIUN 0.101)6
Gets 0.486 000108

DIFFERENCE atiTWLENy COIL AND NOSE AT MAX/MIN VOLTAGE (M)
AT MAX 0.015 (00029 0.002 0e029
ATNMIN 0 o2v2 o.215 60 180 0.235
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ShUT T4 2S AkI~FLs 1976o NO. 5

SANS: wET. ()tNSITYV2kob6* vG/v4**J; APPROACHNlNa VELOCITY: 214. 94/b
PROLJECTILE. SOLID FLAT NUSE MA660.*54483 KG. 0z40.02 M9. Luu.*2,5 M4

A-PIAY SVATION *oeeeoeoo NO0.1 NOOZ NO.3 NO.4 N065

T''E (SECONI8~.... *000O166 e4)oII43 .4)03146 .4005870 .009410
CLNTER OF GRAVITY PG$ITION (M)

H(..IZONTAL .......... -. o*$db u*096 G0.430 0.760 1.075

INCLINATION ANGLk(LUEG)o 4; 0(0 (0.6 U95 -1.5 -5. 4
bc-PAR~AT ION ANGLL(AdLREL)
AGCVL ............... 6.0 3.0 94
bELUW .,............ *4 *94*m 5.5 8.o boo.

NOSE WIDTH tM ON. FILM)*.o 0?.0~. bv J2sWJt 3e0230) 0*024U G.L240
NOSE POSITION (k)

HORIZONTAL o~*......* vo~w.7 U.2Q9 w*545 4).87J 1.187

INPUT NOSE POSITION (M4)
HCRIZONTAL .......... 00Z s. Q 6 0545 008840 1 *10t6

NOSE VEL. Y-COMPe (Mv'S): &1*. 7 2. -,60 3e
COEFFICIENTS OF CUb!C PULYNUM!ALA-fANDARD DEVIATION

* u.1114E Ow J.A115E. 02 -0*41WaE 64 CoL224k 06 / 0o0003 (M4)

CULFFICIENTS OF CUbIl. PULYNCJMIAL/STANOARD DEVIATION
-U.1222E-u1 (jeL51L~ QJ -vt.136bl v5 C9460SE 06 / V*iJQ04 (M4)

NGSL. VELo OI~eCTIUN(&otG) 3*. 2.2 0.6 -008 2.1
SEPAkATION ANGLk(f r4&meE) klIJ.TIVkL Tu NOSE VELOCITY

*AtcJVE eosoo.......... *4** 4* 6.1 3.7 1181
*uELQ. ............... 0*04 *4*4 b.4 7e3 .09

C*G. VEL. Y-COMP. (M4/5): 10a 7o 2. 0. 50
*COEFFICIENTS OF CUbIC POLYNUMIAL/STAKOARO DEVIATION

0*12UE0,, 0.IGIbE 6d: '0.1779k. C4 6#1068E 06 /4 O.*.06 (M)

CoG. VEL. X-COMP. (94/bl: 210. 187. 143. 102. 6le.
COE5rFICIENTS OF (.UbIC POLYNOMIAL~fSTANDARI) OLVIATION
-UoI4?52r 04 4).216Ak 03 -4oI.J67k. 05 v&4623k 06 / G0.0C11 (Ml

PGNCkLLIT DRAG CQEFF* - 1.369
VU a k1t. STANL. ULVIAe x %i.UU9S 4Mi

C9G. VEL. X-COMPo (M4/5): d!10. I oil 140. 107. 82.

RmCC~kr'ED TIME OF MAXIftjM/MINIM94U COIL VOLTAGE tSI
MAX 0040 A 55 *.03J04A 0 0 05ji6 .000634
MIN 0 4;A091o9 9 QW379 *vO7174 o 0 11 e31

COM9%J~e.D NOSE PswSl1 IUN AT MAE/MAN COIL VOLTAGE (041
AT A4&E 00491 ve 52 7  u6alb 1.124
AT MEN 002%06 *0.74) Coo998 1.316

RE2FPVOD COIL PO*ITION (M)
0.0 0.466 4).8t0 1.084

DIF'rERENCE BETWEEN COIL AND N4.SE AT MAXE/MIN VOLTAGiE (M4)
AT MAX 0*(Aidl 06G04 0.006 0.4)36
AT MIN 0 0.2 Qb Q624da 40186 0.232
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bHUT Cs 9 J API1L* 1976s NO* 6

SAND: WETo 0bNSAIV *2fI54o KW.*J; APPROACHING VELOCITY: 213. N/S
PF~iJpJCTILk* SOO-10 FLAT NW*E MAS 13v5444% K69 0-40.02 Me LaO.22ti A

X-R6Y 6,-ArION ....... I. Moog NO.3 NO.4 NO*$

TIME (SECUND) ......... 0010 .oaov*0tI21 *003220 .005904 .009410
CENTER OF GRAVITY P-CbITIQN (M)

"dkIONTAL %oo****~gm -U46 4ougs Qe437 U.774 1.093
VEI4TICAL o........... csoi.1A 46125 0.134 0.139 0.1446

INCLINATIUN ANGLt(OLG)o 0.j 0040 0.0 -204; -. 00
SEPAkATIUN AN(.sLt(0EGFLE
AbOVE eo~ses9e 6.5 2.5
dtkLUW ...........o,... 790 8.0

NOSE~ *ZOTH (M N Fl ILM;*. u.026t Ue(kJii 4*023 0 0*0230 0.0230
hCbf POSITION 4M)

VE*kTiCAL soeoooooooeo (0611b 40125 C..134 0&136 0.134
IKP6T NUSk PUS!TZUf% (M) .u .6 .9 .1

"LUiklONTAL ooooo.e.ouL, eto o53 08A1.1

NOSL VEL. Y-CUMP. (N/SI: Ile ISO 2. -1. 1.
COEFFICIENTS OF CUbIC PULY4U#NIAL/STANDJARO DEVIATION

J61145c 0%j 1,A171L Oil -Qo&v34c_ Ui4 ii.977iE 05 If 0.0011 (M)

NOSE VEL. E-CQN*' (M/b): W06oh 165. 145. 107o 80.
CLJFFltIC.INTS OF C;UaI( POLYNUAMIAL/STANOARO DEVIATION
-uo.1.17E-0! Jol%* 40J -0.1193E 05 f,4*45*3E 06 -1 Q..Q636 (M)

NCSE V5L.o DIIkECTI..NILG.G) .3.1 2.4 0.9 -0.5 0*9
SLPARATLWN ANGLtI)c(.&_kAE.)p RELATIVE TO NOSS VELOCITY

A ......... *4*e 8*..oooo 6.1 6.5*0.

C*G. VELc Y-CONPO M5 10. 7o .3. to 3.
CUEFFICILNTS OF CUbIC FOLVNOMiAL/STANL3ARD DEVIATION

Uel1j8E Ow 061%volt Oid -v.1646L 4i4 4000040C 05 f 0.0016 (M)

CoG. VEL. X-COMPO IN/SI: .9460 185. 146. 107o so*
COtFF1CIENTS OF #_UbI4 PWLYNUMIAL/STANOARD DEVIATIUN
-00.1202k 00 vadeito4L 4,3 -.,o.I19JL (ib 0.4553E 06 Of 0.si36 (M)

PONCt~LLT OflAG CQjEFF. - 1.233
VU 44J6o S7(ANL.. QtVIA. V.I oo2U (M)

kECOh(JL0 TIM6 OF MAAIMUN/0MINIMUN COIL VOLTAGE (S)
MAX .OQV134 * VU2'r07 04045i246 .008400
MIN *01(dA34 000;4354 *%Iu7106 9010F76

COMPvTED NCbL PiuSIT ION AT MAX/MIN CUIL VOLTAGE (M)
AT MAX 3.OQb 0*51% A..614 1.122
AT MIN 4)O.d I a (0 &7 06 1.007 l.312

AlmLLOLD COIL PUS iT EWN (M)
U ;0.486 3.010 1.046

DIFFhLNECL BETWEEN COIL. AND NUSE AT MAX/MEN VOLTAGE C941
Ar MAX Jaulb #; 4 vb 4004J4 0*036
AT MIN 0.21l (024( t,197 Qo226
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raINOT 74 A idJ APRIL@ 1916. NO* 7)

SAN(.** We1. OLNSITY:ký,0* KG/M**4& APPfl:ACtMING VELOCITY: J334. M/i
PRO-AfCTILL.' SOLID FL-Ar No. MASS:(.954b~o KG. DOO.2 Me L-0*225 M

X-RAY STATION 9ec.*... N P431 N092 N0.3 NO.4 N09.5

TIME (SECOND) ......... .jGOI65 9%;0~83b .*002174 .4)038.1l *L.57I4
CENUR1 OF GRAVITY Pu3AITIUN (M)

MCRI4ISNTAL aooooo -O.O060 06131 C.472 0.817 1.137
VERTICAL o........... u*116 tj. I ;.8 u.137 0.138 C0144

1PCLINATION ANG4.E(GtGJ. 1.0 0.5 0.0 0.5 105
64PARtATIGN ANGLL4J(.tULE)

AOjVS 9664006*000600 *** 9.9 790 8.00
*LLUO ............... woo* 9.1 7*.C 7.0 4

NOSE WIDTH CM4 Oft FILM)* 2 bt .40-23,j 4).0230 0.0230 0. 024"
N0Sit PUjSATION (k)

SNPUT NOSE P051110ON4. (
HO4.I&4)NTA. .......... .U 3i! f.o246 Q *0593 0.944 1.266
W&ATICAL ooooo....... -0.C'99 -4).Q88 -0e079 -0.4o77 -tG.068

HOSE vCL* I-COMs. 4M/5): 17. 119 3. 1* 10.
Cwa.PPILIENTS OF CUtSIC POLYNLJMIAL/STANDARD DEVIATION

Oo&1719 00 09967itE 02 -0.SSOJE 04 Oe54e9E C6 / 0.,0003 (M)

NOSt VRL^ A-COMP. (N/SI: Jibe 287. 2350 187. Isl.
COEFFICIENTS OF CU6IC PULYNOMIAL/STANDARD DEVIATION

-O0l*?9E.-VI 0.Jg6ia 03 -Qod4Jutk 05 a.1082E 07 / 0.0051 (M)

NOSE VEL. OIRECTIONIDEG) 3.! 20A 0.6 0.2 3.6
SE.PAMATIOký ANGOL4UE'GkE&A. RELATIVE TOI NOSE VELOCITY

ABOVE 9oooooov ***J% 10.0 7.6 7.7 **

&9LOd meoooooo.o.o... W*4* 7.4 6.4 7.3 44

C0E.IFFCIENTS OF LVEC PULYNCIMIAL/4STANDARO DEVIATION
001A*YE 00 00.auLsb (42 -C.0193E 04 0.5949E 06 e 0e0002 (04)

C.G. VEL. X-COMP. (M/SJ: 316. 287. 235(. 18?. 153.
COEFFICIENTS OF CUb IC. PULYNOMIAL/STANDARO DEVIAT ION
-0.127SE 00 0.Jiý51L 4o3 -0*2439C 05 0*106OE 0? #* 0.0050 (M)

PONCELET DRAG CO&FFa - .017
VO U215* STAND. OLVIA. z 00C005 IM)

CaG. VEL. X-COM6~. 104/.%) 328. k.69.a 235. l191 157e
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SHOT 70 24 APRIL. 1976o NO. D~.2 .L(25N

CNTiEROGRVT POSITIONi CIMA
HCIRIZONTAL .a..e.. .704 wol3S v*.863 0.911 1.290

VERTICAL *o-ooosooe* 40.2(0 u,130 0.*137 0.135 V*S

SEPARTIONO PuSI~tUL"L £M

NGS VLU V-CaMP 41/3*S e*u **~4*4 goo*4*

NUSE OSPITLNT (4kbC CLNMILSANA4 ;~ITO
-H.2b2UE A4 oalloooooE 1008 ~43 J024 4o5761 1 0*494* 129

NOSE VEL. V-COMP* 4A/51Z#0 0079. 00. 000 37 18

CaOEFFICILNIS UF CU6IC PLLVhiuMIAL/5TANUARD DEVIATION

-0*4425E-U.3 1.436JE 03 -4ookb91t vS 0..I356E 08 -1 0o0109 (M)

i'a0SE VkL. OI,'ECT1LjNIOLG) 90ops) 9000) -90.0 90.0 90.0

StPARATI-N ANGLk£OLi.AEL). RLLAT1Vt 7U NOSE VELOCITY

AeUVE ....... ' *W *4 U4 99%0 4*

Co.ro VELo Y-COMP. 9 h**. .* 9*4*4 4*4 *4

CUEFFICIENTS OF iLVOIL PULYNOMIAL/SVANDARD DEVIATION
-0.252(iE 04 3OA440st 06 -0*1264E It 0.27815 13 1 444 M

C4G9 VELs X-COMP. 4 Wb): 479. 35g... 295. 237. 166.

CUEFFICIENTS OF CUIbIL POLYNCJMIAL/boTANDAAD OEVIATION

-0.1134E 00 09.3b8*E U3 -Goie74L 0tj 0*84JSE 06 if 0o0)108 (Wt

P~UNCELET DRAG CUEF9~F a 4poV64
VOs295. STAND. OLVIA* a 4 * 19* (M)

CAG9 VELo X-COMP. (h4/SIo 603. Ago. 2960 243. 1940

kLCONDEO TIME OF MAXIMUM/MINIMUM COIL VOLTAGE (SI
MAX JJ .0 9 0*0*0$ swok55 .003711

14 .000v96 go** 0044 O464.3

COMPuTLD NOSE P1,5LTION AT MAi/MIiN COIL VOLTAGk (H)

AT MAX 09~445 *4*9**0*0 j 6 3~ .
AT MIN 0.216 0000*S4S 1.011 1.256

FtLCGRDEO COIL POSITION (M)

C IFFLRiLNCE BETUWEP4 CUIL AND NGSFE AT MAXi'MIN VOLTAGE (M)

AT MAX .0905 **o*9***~ WO -0.005

AT MIN tj.216 0*000*S*W 1 0 0.oa 0172
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SHUT 77 ( 24 APRIL. 1976. NGw 3 )

SAND: DRY* DENSlTV~lbJbe KG/N**3; APPAUACHING VELOCITY: Z42e MIS
PkUJECTILIE: FLAT 6-INCH LYL*XA~5S:seJb7 KG, Oz0.U41 Oe Lzu*.152 M

X-RAY STATION ......... Noel NO.2 NO.3 NO64 NO.5

TIME (SECOND) ......... o000118 904Uu786 .0J2323 oOO4522 *CQ,8432

CLNTER OF -RAVITY POblTtON 4N)

INCLINATION ANGLE(QEGi. -1*.'t. 060 -400 -8.ea @*

SEPAMATION Ai.Gý_IL-GkL)

NOSE NZOTH (M Oh FILM). 4*1ý96 'O.G240 0.0235 0.0250 ~*~
NCSE POSITION (M)

* 5CRIZOiNTAL e......... uoV64 0.157 0.417 0.957 199144

INPUT NOSt P0bIT1Ofs (M)
HQkIZONTAL ....... .72 %0.143 0 OZ97 0.987 0****0

*VLI4TICAL ............ -Vlw -090 92 -U (o95 -0014u 0*****
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6fli'T ?b ;9~4 AP'IL. 197at NO* 4 1

!,ANL: URV9 cGkehSTY:lbjw. Kim/M**35 APPHOACHI#,6 VELOCITY: 242. U/S

'kUJe.C T ILE:t LAI 0- 1NCH CYL oMA6SS. o36b KG. Da4joC 2 MU. LaO o152 M

X-PAV STATIOJN **o....se NG 0 A NOO NO3 N004 NO.a 5

TIME. (StiLoND) oee...... *uQQ1J37 .002950 o30583,k *01O0(oCo

CLNTLV' OF GAAVIIV U-C..llluN 0~41
HLkIZ(ThTAL. sooo...... -oe0,Lv calijl .ý0A04 0.748 I.C90

INCLINAT1I.N ANGLt4L(Lt.J) Jo e 6.0 hG 16.5

b6EJ~AHATICN ANGLt tw.i-LafLL J

ABELVL O*.eeeeee'e*fee *ON* 9* 0.0 *S**

NUiE k%3TH4 I ly N FILM)* i.e ý6 u 4o~kJ) O.CiZJ 0.023i Oo (ý215

N46St P(j$ITIGN (141
HLkIZONTAL .....we***. O.o 17 U s97 7 G4 O&SE 0.822 1.169

VLF4TI(-A. s**......... j 0126 .~o134 4;137 0.158 L 0198

INPUI Nose6 Pusj.~Tji.N 4m)

14CSE VELo Y-c.oolb. tU/sl* . 30 e. 6.o 12.

CLEFFICIENTS OP CU81C. P"AYN4,pUA.6dSTANOAkQ DEVIATION
(uolw?4e uo (Pjy #,I (oo3406vt 4#3 %01003t 05 / Ao.u1444 (UM)

NOSL V~L. X-COMA-. (MU/bi3 &obo 177. 137o 98. 76.

CLLFFICIENTS OF LublC IPULYNOJIAL.4%TANDiARD DEVIATION
-U.45lUc.',j2 ý.ofo* 03 -(oold17t eb iu.404 7 L 06 / L.3140. (UI

NOSE VEL. DI44iCT1CJN(Ot.O #..9 1.2 2.1 4.4 1.30
EEPA~tAIION4 ANGLbt~4fEJ F RLATIft TU NOSE VELOCICTY

ABCJVL 9e*9eeso**9o..o **09 0*99 6.1 *9 395

CoGe VEL. V-CoM#,O £U/s)I .3o 3o 5. 12.

COE~FFICIENTS OF CUbIC PCILYNUMIALoIbTAN4DARD DEVIATION
toe1iJ9E O(. 162709L 61 -0*1650L UJ 004141E 05 / 000G.54 (U0)

CoG. VEL. X-COUP. 4Mfb)3 195. 177. 137. 98. 77o
COIEFFICIENTS OF CUbIC- POLYNMiAlL/'6TANOAkD DEVIATION

-,.7y4Lk:-Uj 0olrooJL 03 -0#1209L 05 t.^4u17E 46 / U4b.140 (M)

PONCL.LET DRAG~ CLjEFF. = 1.311
aO A37. STANLw. UL&VIA. a O.66139 (M)

COG. YEL9 A-COUP. kU6) o6o let* 437o 103. 75o
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bf~uT 79 t g APi% IL* 1976* NCD. 51

$AND: ORY9 Dir.NS ITY :166WSK9/M,003 o A4PPCUACH ING VELOC ITY: 234-1 Mi'S

h'..uj6CTILk: HOLLLW S7L&P-TILIkMAS-'j.4a~18 KC-- Du.(i.J Me LmOog3s N

X-RAY STAI'1CN *0000999 No NO.1 d4i~i %.Oz N064 moos

TIML tSF~CO ... )..(u'~4~.)2#A82 *J05607 601032S

CEH4TL0 OF GRAVI1V kL5p1 YI.JN (141
NCAIZO94TAL ooooo...ee -4JO(JO vQT C.ri G39*s 0.736 1.078

Uf.PAkATiC.N AhGL~tU(p"LL).
ABOVE **oses-0000oes *e0e 8.5 2.0 #0 105

eLLUN 00000********.. 000 et 6.5 10.5
Nast WIDTH (04 Oh FLLMZ. v.962(d vo.ý24J oooi34 0.0235 0.0240
NOSL POSITWIN (M)
HCRIdCNTAL .... e*iomCI6 vo178 09504 00841 1.183

VLRTffCAL *...... *.£ 126 coA26 0.127 (00121

If.P1.j1 NOSE PUSIIIUN '
04GRIZONTAL oe....oo v... .1u d.olu 00419a 0.841 1.191

C4L.FFICILNTS OF CUbIC POLYNUMIAL/!TANDAhfl DEVIATION
0*119be 00 0.'6AbE 01 -G.bbIGE 03 0o.#6*L 05 0 090031 ift)

NU(S&. VEL. X-tOMI'. ~U/): -gibe 194. 141. 93. 81.

CO1UFPSCIENIS OF #LUOIC PWLYLNOMIALI'STANDARO DEVIATION

-U .7645E-02 ,.2ký.4h. 03 - ii* l654t IU5 09636VE 06 /' C .0069 
(M)

NQODL VEL. DIRECTIUf%(O0A6 1.2 tooJ 0.3 -0.7 -0.2

SEPAR~ATION Aee6L1k1tJGV'Ek), RELATIVE TO NOSE VELOCITY

AbOVt. ovosooosos 9.5 J.e 608

81LUV ............... 79,j '.7 5.2

COG* VEt.. Y-COMe. (M/5s): 4. 3. 3. 1* -3.

COEFfICIENTS OF CUBIC PULYNOMIAL,'STANOARD OEVtATION

j.1ltuebE 00 0*3*9VE G1 -Qo8jOC4k (j. -0.*IbS8E 05 1 G*0028 (MI

COEFFICIENTS OF CUbIC. POLY94OMIAL/:kTANU~ARD LDEA'ATIUN
-OeI120E 40 toJ4J 0' -4*.1948kL 4,5 %o.6333L 06 / U.O0067 (M)

PO.NCt.LET DRAG CUM.FF* 1.789
VU v 141* STANUi. cEV IA. a (.I~ M)

C.,.. VLL. X-COM6'.o 4M#/b: 235o 199. 141. 99. 69.

RECCtRDED TIME OF- MAX1MUM/MINIMUM (-OIL VOLTAGE (S)

MAX 3 Ou Iid 7 0 .Q300 (05659 .0009217
41 N .m010U47 of0u464? VC04JE'b24 .012025

COMPUTED NOSL P(GSITION AT MAK/MIN COIL VOLTAGE (M)

AT MAX 0020. %0d 0.616 toll?
AT MIN Qoaub 402 .U4099 1.356

AtCUNDLU COIL POSITIGN (M)
00.0j U *4db U.81e 1.066

0IFF04ENCE SETWEEN COIL AND NL.SE AT MAX/tIIN VOLTAGE (040
AT MAX 0.Ii2o. G0 o7 40.106 0o031

AT MiN JOZV6 40.23b %;103 0.272
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SQTA 64, 4 94 APN1L* I'4?6. Ni. 6

$AND: DkY9 DehNS3TY*Ib38o KG/M**Jl APPROACHING VELOCITY: 234. M#/S

PfqGJLCTILE: HUL.LUW S1LP-T1EkWASS.'0..*el $c.. 0&002 Me Lwu0i.'.6 #4

A-PAY bTATION ......... Nci.3 kIaL. NO.3 "O64 Nf

TIME (SECOND# eo....... evCL)&44o .00..0Q7 *0029,46 e005845 .C010%62
CENTER4 OF GRAVITY Pt~bI1TUN IM)

VERTICAL *seaoe oo.... (0. le: uale Q*128 0.118 Q*090

:NCLINATAilN ANG.E4LEG). 4ýo% 0.41 "8.5 -3000 -10.5
b.PAU4AT14AN AGLL(Df.GkLE )

AbUJVE ............... 0*4 1.8l 1.0 0*9*
dLLJUM 9*............. 0**WP Sou .o uo:.A to a..

NULSt WIDTH IN4 ON tI-kALM 4i.0kbC 0902.s5 O*U230 0*0240 Oot250
NOSE POSITION (IN

"HCHILZtTAL .......,.. EU.Q14 U0170 C.50? O0*833 1.151
VER~TICAL ............ .. 12* L#9129 4*116 %b.1Q4 0.075

INPk#T NOSE POS111wh (M)
NHf4IZQ1TAL ...... 0*47 44 9 614 0.503 a0834? I&35J

COkFFICIeLNTS OF C~bIC PULVNUMLAL...,TANDARD DEVIATION
U*1Q5bIt 03 OokU 01 -4*1491C 04 %ý*86469 05 1 0.Q000B (M)

MNiSE VEL. X-COMI. (0/b1 920o 194. 1390 Ba.e 75.
COEFFICIENTS OF Cud1C POLYNUMIAL/STANDAND DIEVIAT143N
-U *1 5f.39-Q ul 0oijt(-(3 -0.I751E. ie5 0.06066 061 e 4eU42 (M)

NUSIE VEL. 0IRLCTIIN(lUEG) 0.2 -0.4 -2.2 -4.6 -1.9
SEIPARATION ANGLUDEiGkkL.I. RELATIVE. IT N¶0SE VELOCITY
A50VL v9*o9e*e*#c **** 5e6 5.6 6.2 0*99
BELUW ............ oo. 0*0U 5.4 4.7 S.6 4*0*

CeG. VEL. Y-COMP. 4M.bI3 6. 3. -2. -5. -4.
COEFFICIENTS OF CUUAC POLYNONI.IL/STANDARO DEVIATION

U.I2316E 00 O.6,eJUE 01 -QeIOJ6L 04 0*7406&i 05 / 090019 (M)

CoGe VEL. X-COMP~. (M,'Sle 220. 195. 140. 89. 74.
COEFFICIENTS OF, CUbiIC PULYNUMIAL/ISTANOARO, DEVIATION
-%ýSA20iae 0(0 094eb 03 -0*1743E 05O U96602E 06 / CG.0L42 (M)

PUNCELET DRAG C(IEFP. A*7
VO -220. STAND. DEVIA. a 0.0145 (M)

C.Ge VEL. XACOMP. 4MD'b) ;220* &88. 136o 97. 68o
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4MUT a1 A 24 AE~iILv 1'v76. NO* 7

SAND.* wET. 0cNS1TY.'abQ. KG/N**3** AP6kUACHING VLLOCITY: 334. M1S
Pk0Ok:CTILE: SOLID PLAI NiC~ih MAS$;j.54&o KG. 000.02 M4. Lm~.295 M

X-RAY STATION so******* Noel NOOZ NO.3 NO.4 N0.5

TIME (ShC0NO) *assesses oQC(WI~b5 **;Qto8J9 .00a174 *0036.ks .0iCS546
CENTLf4 OF GRAVITY 1-waITloN imb

IICRILIJNTAL o......... -0.076 '3012d .jo4?U 3.7836 1.069'

INCLINATION ANGLE4D&G)o 1.5 lot; 2.0 5c 0 S.o
Si4-.PAkATION AN(ftLt(LofGfEE )

AbQ .........,...3so 4*** 16; 00 9.0 9.0% W *0
*BELOW soeeo.oos...... **** a00 6.0 3.5s 1.5

N0SL WIO)TH (M ONt.IMet 6o W.~h b~ G0o 24J 0.0240 0.0230 090235
NOSE POSITION (04

hLI41LUNTAL **4oooooo. ue,035 #,;241 J.15as 10c~q I .2("VV
VERTICAL ............ 0.131 '.IS u.13d 00.14i 04151

* INPUT NOSE PUSITIO.N AM)

*VEX4T1CAL ooo......... -4.uab -0sw79 -0.0r77 -09f,73 -G9062

NGF VIEL. V--.OMPe 4M'bi: 0. 5. 20 k. 9.
Ct.4.FFICIENTS OF (A~bIC PULYNUNIAL/~STANDAR OLDVIATION

Os.129VE 00 0.bibeL Ul -4.eSS4L 04 k..3187E 06 / #.Scowl, AM)

NOSE VEL. XMCOMP* 4M/b): 31U. 283. 2369 193. Is1.
COEtFFICIENTS OF CUbIC. PULYNUMIAL,'STANIAkO, DEVIATION

S-Oo.1d59L.-gI ,,.JlbIL 0.3 Q02*2 5 4;*477E 06 / Qs0033 CM)

NOSE VtLe OIAiECTIud'iCEG) 1,4 IOU 0.4 0.7 5.14
SEPARiATION ANGLt(1L~oHE.io hLLATIVE TO NOSE VELOCITY
ABOVE ......... so *s 10.0 7.4 4.7 S 4
BELOIW oa.,ooo.ooe..... 6** 0 7.6 7.8 b.1

C*oG VFEL. Y-COMI'o (M/ýP Ia. So -t. -2. 7.
COEFFICIENTb OF CUb1C PLLYNIOMIAL/,$TANDA140 DEVIATION

491263E 00 f.21 J 2 -U.4091E 04 oS.5401E 06 / GeO0I7 (M)

CeG. VEL. X-CQMb'. (M/b): .JaO* e83o 2.37o 194. 1l52e
COEFFIC1I.NTS OF CUbIC PULYNt.,MIAL/STANDANO DEVIATION
-a.I25bE Ov %^oI6vL v3 -vo~.Zo4* Ob Uo6446L 06 / Qo0033 (M)

PCNCiLLET DRAG CUEFF. a .ý964
VU 24?. STANL* UL.VIAs ý voioI47 AM)

CoGe VEL. X-COMI'. CM/S)Z .J25 28ý40 2379 190. 164.

94ECC~kDED TIME OF MAXIMU)M/NINIMUM COIL VOLTAGE AS)
MAX .00.V147 o044Ao3 eu%ý3199 .004901i
MiN o 00v7 .Ws 002671 su%ý4194 .006103

CCMPUTEU NOSL P651STIL.N A7 MAXV'MIN COIL VOLTAGE AM)
*AT M4AX ).03&. G o5 10 00811 1.122

AT MIN O.,kv1 0.696 1.001 1.303
ACOAULED COIL PwbITION AM)

0.0 0.486 vest0 1.086
OIDFFEJ4LNCE BETWt.EN COIL AND NUSE AT MAXeMIN VOLTAGE CM)

AT MAX ki *o4~ 0 C024 we Ulu0I OotJ36
*AT MIN oqy.k # 0 I'.21 Q a191 3.217
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b 6u bd 24 APRIL. 1976o NdO* 8

tPANCL viiir 0EN31TV~Q509 K oMF4*3; APPROACH4ING VELOCITV: 405m N/S3

PROJLCTILE: 30LID FLAT tWUSE MASS~ei.5447 rKG9 0,90o0Z Me LUOw225 04

Jt-RAV STATION ......... NQ.1 NO.2 NO.3 NO.4t WOO$

TIME (SCOND)....bo ...so 0OL34) oC00600 O .1724 .00261A .004066

t4CRIZUN4TAL .........e -. *072 40.131 09462 0.766 1.091

INCLINATION ANGLE(&GJr.0 A. 4,0 GLto 1.0 1.0
SEPA1'ATION ANGLt(wt)GMLEE)

*dEL(JW i 4.0 11.5 !00 9.00
NOJSE IiIOTN (M4 ON FILM)* C*O26G 0*0940 0.4)230 0o0230 0*0230
NOSE. POSITIr'4 (Ml)

* eCHIZUNTAL .........o 0*041 Qo244 O~b75 0006151 1.20.*
VETICAL oe.....ooo 4e.1..4 0 .1 .U 0&134 0.136 0.140

INPUT NOSE .'USITlUN (m4)
*MCRI1dONTAL ooeigo.a... c, 004-k e247 0.561 0.686 1.213

405LE VE4.o Y-COAi~ (M/S): 12. 7c o, le so
COLFFICIENTS OF CUUIC PULYNUOtIAL/STANDARD DEVIATION

0*1249E Or. 0v.ob 0Qi -0*5757F. lji4 4)627!E 06 */ 0.0023 (M4)

NOSL VEL. X-COM1P. (#/5)1 381. 3,47a 297o 265. 254o
(COLFFICIENTS OF GUb1C PGLYMUMIAL/STANOARD DEVIATItUN
-098148ac-02 0*39rote 4..J -0.3460E (05 (i.2916E 07 / 0.0031 (MI

NOSm- VEL., iIRECTIONILEG) lob 8,01 0.2 0.1 1.7
SEPAIkATION ANCLetocýGbk).s kE.LATrIV, TO NOSE VELOCITY

AbOVL ....... 15.1 A4.2 14.1 l5o?

CoeG VEL. Y-COIMP. (Ao'4): 120 7e 1e to. s
COEFFICIENTS OF CUBIC PLILYN4JMIAL/SrANDARO DEVIATION

QcII230E 00 w..As'.5E 02 -0.5752L 04 U.826*E 06 / 0*0023 (M)

CsG. VEL. X-COM~o (M4/S): sea. 347. 297. 265. 254#
CuEV-FICIENTS OF CoebIC, PQLVNOMZAL./STANDAAD DEVIATION
-0*1212E 40 0oj-ikokL 03 -0.3454E 05 0.Z25E0 07 / 0.0031 (M)

PONCLLET DRdAG COEFI. z g.729
VU 361. STANG*. DEVZA. 0.0061 (M)1

C.Go VrI-Le X-COAPv 494/b). .381. 35u* 302. P.650 232.
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SHUTI bi 4 25 AP IL.9 1976, NO* I)

$AND* WET* OESITV:'2i50. KG/M*.3; APPRkOACHIb4NG VELOCITY: 419. M/S
PROjECTME3k. SOLID FLAT hUbL MASS3O.5450 KG. OaQ*02 N. L=G9225 M

X-RAY STATION ......... Nu.1 NO.2 NO.3 NO.4 Noss

TIME (SECOND) ......... o04oQI09 9i;00b%2 e.i1693 900265b *003862
CENTLIk OF GRAVITY ioQSITION (M)

HCkILONTAL .,,..,..... -Q0*0? 4.134 0.461 0.733 1.021
VERITICAL ......... 0.1. 125 4.130 0.133 CU.131

INCLINATION ANGLL(OEGle 2.0 1. 1.5 1.5 0.5
SEPARATION ANGLE(OL.GNtEl

ABOVE ... ,.....,.. 4** *4* 12.0 12.0 12,
BELOW oo*&ooooiooosmo *4*.0 4* 10.0 10.0 10.1

NOSE WIDTH (M4 ON FILM)* UoU2J6I 0*024ko J*0234o uoZý 0.CIJ2
NOSE POSITION (MJ

NCRIZONTAL oo.**..... 0.041 U0246 Q.574 0.845 1.114VERTICAL oo**oo...... 0.11? tu.126 0.133 0.136 U.132
INPUT NOSE POSITIUNh (M)

HL54IiCNTAL oeeo...... 4.042 0*250 Q a580 0.847 1.132
VERTICAL oeoeoeaeosoo -ý..1,,3 -0.091 -0 e#;14 -044,80 -(00085

NOSE. VEL@ Y-c.CMP9 (IMSJ3 19. 13. 4. -1* -3.
COEFFICIENTS OF CUBIC PULYNC#MIAL/STANOARD DEVIATION

0.1hbtot 46i Qo.1~eE 02 -46*6034k 04 6*526SE 06 / 0.0016 (M)

NOSE VEL. X-COW. IM'613: 305s 351. 296. 258. 2219
COEFFICIENTS OF CUBIC PULYNOMIAL/STANDARU DEVIATION

0.549JE-4J3 4.3917L 03 -4.34406E w5 G.1692Z 07 / 0.0067 4M)

NOSE VE.Lv OlkECTION(DEG) 2.8 2.1 0.8 '-0.2 -0.6
SEPARATION ANGLL(DL-G-NEEI. kbLATIVE TO NO0SE VELOCITY

ABOVE ............... 4** 44 13 10.3 10.7
BELOW ............ **oo*4* 10.? 11.7 11.3

Coe. VEL. Y-COMP* (M/SJ 22. 14. 3. -1. to
COI4FFICIENTS OF CubIC POLYNOMIALiSTANDARD DEVIAriON

GeIIOSE 04 4J.2417c. 02 -G.8003E 'q4 6el0lliE 07 / C.C023 (M)

Ceo.w tEL. X-COMPe (M/6): 364. 3519 296. 256. 220.
COEFFICIENTS OF CUdIC PULYNOMlAL/STANDAkiO DEVIATION
-0*1124E 00 0J.JVIbE 03 -#..32S99 05 ooeISBGE 07 / 0.0067 (M)

PONCELET DRAG CIAFP. - 0.620O
VQ a 296. STANo. VLVIA. - 119U051 (M)

CoG. VEL. X-COMP. WMSJ: 38.3. 346. 296. 260e 225.

RECOkDED TIME Of MAXIMUM/MINIMUM COIL VOLTAGE (S)
MAX 900,vQ7a 6001413 0002509 *003758
MNh 900.US44 .04P2034 .003230 .004627

COMPUTED NOSE POSITION AT MA"sMIN COIL VOLTAGE iM)
AT MAXl 4.(,f1 0.493 0.605 1.106
AT MIN ti.2udf 49676 0.985 1.293

RECORDED COIL POSITION (M)
0.0 0.486 0.810 li.086

DIFFERENCE BC-;rwkt4 CGIL AND NUSE AT MAKA'PIN VOL'iAGE (M)
AT MAX oN coUJ u.0 G% -0.005 0.020
AT MIN 002wo 0.190 0*175 09207
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!aNtT e4 kb~ APR'IL# 1976. NO.* 2

bANL3: WET. OE.NS1TYVk0b0. K6PM*039 APPRCJACHING VELOCITY: 406. M/S
PkJtECTILE: SOL£U F~LAT NUSL MASS;%o*545W KG# D0.002 fto LW09225 M

X-RAY STATION 1..... o.1 Nook NO.3 N4004 mass

TIME (SECOND) ......... .000U137 oQ04~69iI 904.1739 *402702 .003929
CENTER OF GAiAVITY POICSTION (Ml'

NOkIZOLNTAL *......... -;J*Gbb .o137 0.457 0@726 1.004
VERTICAL ......... (001S 122 C00127 0.129 (0.525

INCLINATION ANGLL(Coi:GJ. 2.5 ass 2.0 2.6 3.8
SEP AN AT I ON AN GLk (UL kGkk.t )
AbOVE ........... o.oe 14.0 17.0 15.0) 12.0
bELUW oo*...*........ £00 3.0 9.0 9.0 4.00

NOSE *LOTH (9 ON PALM). 6oQ2bb lo.035 U.0230 0.0230 0.0230
4ýjSE POSITION (mi

NCRIZUNTAL .......... 0.048 06249 0*570 0.839 tell?

INPUT NuSE POSITION 04)
HC5IhLOrTAL .......... 0*U51 0.253 0.576 0.839 1.113
VtkTICAL o.oo........ -0.099 -V*091 -0.066 -0.083 -00085

NOjSE VELL Y-COMP. 4M/5): 12. 9. 3. -Co -2.
fCCLFFICIENTS OF CUbIC PULYNOMIAL/STANDARD DEVIATIO~N
0jlue oo I .1 ) *J.67Ei 02 -QoJ7a7L U4 Q.4007E 06 / 0.00412 9141

NUSE VEL9 )t-CCMP. (M/5): Jb6d. 437. 293. 253. 2u4e
(.OEFFICIE.NTS OF~ CUbIC POLVNUMIAL/-STANDARODCEVIATION
-004126LGJ 0..)d4 6~. 3 -Ug.&8E 05 QoalJQE 06 of 0.0054 (M)

PiUSE VEL. OlkECTION(OLC.1 2 04 1.5 0.6 -0.0 -Cos
SEPAR~ATION ANGLrL(L):GRrrE)o fkLLATIVL. To NOSE VELOCITY
ABQVE oo.o...... *9oo. **0 13.0 15.6 12.5 7.7
BtLL(W ........ 14.0 10.4 1165 6.3

COEFFICIENTS OF CUbIC POLYNOMIAL/STANDARD DEVIATION
Go.12F.i 00 0914.f'9L Od. -Q.3062E 04 OoZO00E 06 10.0007 (M)

CoG. VELv X-COMPe tM/5)3 36g. 3537o 293. 253. 20)4o
COEFFICILNTS OF CUd81C PULYNuMIAL/STANOARD DEVIATION
-00113J.E 00o JoS~d2E. U4 -Coo~eIE 05 E4i.22129 46 .0 C90054 (M)

PONCELET DRAG CUEFF* a 0.777
VU a iý93* STANo. DfiVIA. - G90108 (MJ

CoG. VLL. X-COMP. (M/5)i 374. 34£. 293. 259. 226e

RE.CURVED TIME OF MAXIMUM/MINIMUM COIL VOLTAGE (SO
MAX .00v04bi 00J16k2 .002562 .0031842
MINS 00O..5..9 .00$* s3J17 .004752

COMPUTED NOSE. PuSITIOP. AT MAX/MIN COIL VOLTAGE (M)
AT MAXl 0a i2.4c cosug 00801 1.099
AT MIN 0.181 ****;**$* 0.985 1*271

RECCADED COIL POb IT IGN t(M J
0.ý o486 o.810 1.066

DIFFLENCE SETte~e.N CULL AND~ NOSE AT MAA/MIN VOLTAGE (M)
AT MAX V*02,4 i.C2j -00009 0.013
AT MIN 0.18£ Qo****0175 0.1165
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bM1Q.T 85 £2b APRIL. 19?o. NO* 3

SAV4O3M-ON9 0EhSITYIIJO(J. KW94*J; APPROACHING VELOCITY: 23?. M,'S

k MAY STATION ooe6oo NOO Nga 02 N.O Noes8

HORIZONTAL e......... -U.1J81 wh.u9tU9u393 0.862 19.127
VERTIC.4 L **.*........ Q.IQ5 0.113 Cpo116 U*121 1822~4

INCLINATION ANGLE.(UEG)o IOU J.*. (000 1.0 **~
SEPARATION ANGLL(QLG.RLk,)

ABOVE ............... *4*4
dELOW ............... *00

NOSE ivIOTH (04 ON 'FILM)* G.0262 to *QkJ0 Oew231 0.0230 ***to**
NOSE POSITION (M)

NORIZUNTAL .......... 0.024 Qs195 00498 0.967 19.144
VERTICAL ....... e.... 00.107 0~.0013 OallS 0.122 18.121

INPUT NOSE POSITION 4M)
HORIZONTAL ... O4.. .2( 0.190 0.493 0*986 ***

I VERTICAL *o~ea*e*@@*@' -4*11 -0.107 -0.104 -0.096 ***
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SHOT bo I 49b APRIL. 19769 We. 4 1

SANQOH-OH, DILNSITY.31uI;0o KG'M$03; APPR~OACHING VELOCITY: 237. 04/8
PtOJECTILE: HOLLOJW STtP-TI~kMASS%:3.423Q K~ii 0.0.)02 049 L-09~238 N4

X-kAY STATION .... Noel N40*2 N0.3 N004 Noes

TIME (SECOND) .... *.... 9.000171 *00o0~ib oO)0339 *,JQ4379 .004444
CENTL.H OF GrqAV1TV PiUbITIUN (M)
HCkIZONTAL .......... -Q*U84.; 444 0.396 0.764 1.099
VERTICAL ........ se.. u.Iw4 qq.I1A k.1i4 00)119 0o129

INCLINATION ANGLf;OE(a).J 10.J 0.5 0.5 -3.0 -. 00
a.EPAkATION ANG~Ld(0tG~kEEJ

bELOW ............... 000***0
NUSE wlOTH (N ON P-ILM)o to06 v*024 v. 0902*0 0.0244. 0.0240
NCSE POSITION (M)

HCH4IZUNTAL .......... 0.025 co 0.a 1 0.503 oee69 1.203
VERTICAL ............ %) .146 146112 volts 4.113 Dolls

INPL.T NOSE POS 171wN 4M)
NCRIZONTAL o......... O&OZ1 %1*207 0.497 0.875 1.215
VERTICAL ............ -O.117 -49.106 -0.105 -0.107 -0.3)5

NOSE VLL. Y-CCMP* (M/4): 9. 5. 0. -1. 4.
COEFFIcIENTS OF CUBIC POLYNOMIAL/STANOARD DEVIATION

O.1i..#4c. to,; 0oI.i4bk 02 -G*3145E C4 ,0.2753E 06 1 C*0006 (M)

NOSE VEL. X-COMPc 2M') 46"j 226. 197. 166.* 157.
CCEFFICIENTS OF CUbIL PCJLYNOMIAL/5TANDARD DEVIATION
-QoI1J'7E-01 09251 ltý 03 -%o*I4UZE 05 Q'.6966E 06 /f *0.045 (14;

NLjSL VEL. DIRECTIUN(LIEG) :'92 1.3 01.1 -0.4 1.5
StLPARATION ANGLLEC Gk~LEJ. R4ELATIVE TO NOSE VELOCITY
AbOVE ............... Is*
BELOW ........ eo...e. 0000

CaG. VEL. V-COMP. u./Sl: 90 50 2. 20 10.
COEFFICIENTS OF CUUIC, PL.LYNONIAL/STANDARO DEVIATION

0.AQZSOE 00 0*96QgE D1 -Q92b61E 04 Q.2650E 06 / 0.0017 (N)

C*G. VEL. X-COMPe (M/51: 246a i126. 197o 166. 156.
COEFFICIENTS OF CUbIC PULYNW4JMAL/STANDARD DEVIATION
-0.1239E 00 QJ.~b&IL 03 -0.1*06E 65 V9.7OSOE 06 / 0@0Q45 (M)

PCNCELET ONAG COEFF.s - 1&131
VO - 197* STAND. DkVIA. a 0.0078 (N)

Ceo. VEL. X-C0441. CM/Si: 240* 222. 197. 168. 147.

RECOIIDEO TIME OF MAXIMUM/MINIMUM COIL VOLTAGE (S)
MAX .Q0%u155 *002394 .003960 .005526
MIN o014~ Ot .UE 003354 .004965 9006584

COMPUTED P)OSE POSIT ION AT MAA/MIN COIL VOLTAGE (M)
Al MAX 0.0i4dco (49511 o.799 1.058
AT MIN C0221 4.692 J,6971 19225

RECLUROE0 COIL P"OSIT N iM)
0.0 Q*486 0*SIG 10086

DIFFERENCE BETWLEN COIL AND0 N4.'Sk AT MAX/MIN VOLTAGE (M)
AT MAX 9;a(0 i t. 4O025 -o0*0 1 -0.028
AT MIN 002ki. 002406 0.Ib 0.139
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bmhu1 07 C ~b APAIL9 1976. NO. 5

omDt4oNS1TYZ*4£o~u. K(.O/Me*03& APPk(OACHIhG VELO3CITY: 241. M/s
P.AOJtc.TILE3 4OLLOW bZY-ILR14MASS.*w4227 KG. 0a0.C2 M9 Lue23JW 14

X-PAY ISTAT1ON ooooo.e. 4uo 1 Nao.d NO.3 NO.4 NO*$

TIME (SECONDI 96-9090. ouiOUI74 *U4.0994 .uU2391 .0041S3 o006301
CENTLR OF GRAVITY POSITION 4M)
H~hIZONTAL ... a.. *~i4J76 U6112 u.4U6 v,.775 1.122

INCLINATION ANGLkCi(UL4A -lob -10 -008 -1.7 -24
SfPARATICN ANGLL((oNLE)

AtdUVE ............... *** *** 17.0; 15.0
BELOW ............ *** *w* *** 20. 20.00

NOSL .10TH (M ON FILMJo 4; (,(,20 i.o2J Lzj 02440 O.O0e'5 0.0243
NCSk POSITION (Mb
HCNIZONTAL .......... vo0kS U0.217 0.51£ 4.aesc 19227
VEkTICAL oo*oo.*****e to 6 v@Akis 0e£ 0 1lk o£? 0.119

INPk.T NOSE POSIrILUN (M)
HCRIZONTAL .......... 042.46 %o*215 0.507 0.689 1.246
VLRTICAL oo.......e.. -io *I gZ -Co.1t12 -4ý o GO -0.103 -G100

NOSE VEL. Y-CO~M41 90/b?~ so 5. 3. to 2.
COEFF14LIENTS UF CU6I(. ? 4.VU341AL/STANOARO DEVIATION

49SULIE 0iU GoO34bL -GoI7Vt~ 04 9130SEe 06 .0 *014 (Mb

*NOSIL VEL. X-COMP. IN/S 1227o. a 01 aleo. 194. 176.
COEFFICIFNTS OF CUbIC POLYNUMIAISOSTANOARO DEVIATION

-0.9J~~Q f O -0.*JbS5dh 44 -Ge?91GE 05 / 0.0052 (M)

*NUbE. Vf:L. D1.AECTIUN(Lot(A; 2 a 1.4 QOT 0.3 COO
*S6PJARATION ANGLi,,CDLG-H4LEI. P4ELTl1V: TO NOSE VELOCITY

AbOVE. *ooco**.c*o*a. 4*00 ** 19.0 £7.8
BELOW ......... ** *0* 0*4* 16.0 17*2

COEFFICIE1NTS OF CUbIC; PULY10U11AL/bTA.iUAk0 DI.VIATIUN
0*1u43E 903 O.6,3bt CI -C~4euSo84 V3 0.5197E 05 d- C.04.16 (MI

CoG. VEL. X-COMP.D 4/zo) 227m 2219 d10. 194. 176.
COEFFICIENTS OF CUbIC. P(L.LNU#MIAL/STANDbARD DEVIATION

-0.£143E. 06 Goki8elu c,4 -0.4bazE U4 -Q.U4akE 05 / G0.051 (M)

PONCELET DRA4 CLIEFF. -u 0
VO a 9109 STANLo. ULVIA. a Q.QQ64 4M)
C.G. V~L. A-CiJMP* (M/S: 23to. 222. 210. 196. 183o

RECOW5ED TIME Of mAAImUWM/NLNMUM r01L VOJLTAGE (S)
MAX .0 0%014ro o0U4476 00Q.3g99 a .05419
MNI ocilut£0,. f sý .CJ,22 s004691 .006503

COMPUTED NOSE PUSITILIN At MAX/MNI COIL VOLTAGE (M)
AT 4AX U0 a0 e5 0.51£ 0.827 1.110
AT MIN 0 .' 7 0.706 1 0 01 d 19302

kkhCOROEU COIL PUJSITION (M)
00(0 0.466 0.610 1t0o"

C~IFFERENCE, OETWLLN COIL AND NOSE AT MAXOMIN VOLTAGE (M)
AT MAX U.U25 40.025 U0417 09024
At MNI 0.217 0*22" 0.202 0.216

-02



sliul db k 4 MAY. 1976o NO* & I

5SiNG3 Dk~r ICENS1TY:1*369 KG/4*039 APPR~OACHINIG VELOCITY: 2.33o 0/6
PA.(JLCrILL: PIOLLLow STLP-TILFmASS.*'o4dl9 KG. O0*090 M. L00*23S8 N

A-RAY STA1143N ****so*** hMeaI NO* 4 NO93 NO.4 NO.5

CENThR OF GRAVITY I-4.j6TIUp, 4M)

*VLRI;.ZAL o...a....... 16*2eZ4 w.117 091241 u.124 04VI;

INCLINATIL.4 AP4GLE.(D&GJ. 00*** cf0 0 -200 -705 -T.5
SEPARATION ANGLL(&JLGAL.J

*ABOVE ....... a....... 000 00 00 1.0 2.5m
f3LLQ% o.o.o.o..o.t... Gis 9.0

NOSE *IDTH (M ON FILMi. uW** 0 l Q246 .U23u 0.0230G&U.23C
NLiSE POSIT16N (M)

HCHIZuN4TAL oo........ 18*4,G colas 0.505c 0.828 1.155
VLVATICAL oo.o........ 18.121 tý *17 0*117 00.t 9 t 0.00%

INPUT NiOSE PUSiII Uui (04)
bICR14ONTAL ..... ** 0*17c, 0.501 OOCZG 1.15?
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SHU T W; 4 24 MA;. 1li76* NO* 2 1

SAND: 0RY. D~P.SlTW'*lbJ6 KG/0'*43; APPRLACH11NC VEL(JCITY: 227. M/S
PF46it.cT1Lk: HOL)LOW. ýT&-TIL1INASSZU.44±19 K~o D:=0c,0 Me L=0*238 M

X-NAV STATION ......... hO.5 NO.2 NO..3 NO.4 Noes

TIM& (SECOND) ......... *00014J .o"4901 .002938 .005811 .010047
CENT%!R OF GRAVITY PO.SPItCv (M)

HLU.IZONTAL .......... -i,.t2'44 w*b 0.393 0.715 1.043

INCLIhATION ANGLk.(ULGC)o 0 ,1w .5 -60 -10.0 -11.0
ShPAkATION AN6LEk(LUtF'1L)
ABOVE *.............. 6.0 0*

NOSh AIUTH (M (IN FIL1494;ei.,( o~~o uc1 .JS W*2 0.0235 O.U240
NOSE POSITION4 (MJ
HLRIZONTAL Poo**pjo)1 1eJA *)k73 J0496 0.818 1.146
VERTITCAL o*eo*oseooee 40144 00118 gello 00095 U0064

INPUT NO~SE POjS1T~uI (M)
HCkI.ZJNTAL .,........ 0.a044 %,.163 (s.491 J .615 1.146

NOSE VEL. Y-COMIP. (M/5): it* - -4. -7v -6o
COE4FFICIENTS UF (.UbIC POLYNUNZAL/STANOARD DEVIATION

J*1163E 00 0*9012L 01 -0*1297L 04 OobS77E 05 / 0.o.i027 (M)

NOSE VEL. X-COUP. (M/5): 215o 191. 137e 89. 77.
COEFFICIENTS OF CUbIC POLVNUMIAL/,6YAN0AVkD DEVIATION
-4;o17u6E-uI 4ja~O 04 -ý,*1o9jL 05 o.ebb*zE 06 9 O.*i0?I (9)

NOSE VEL. DIR.ECT1UN(CoLO) C,.o4 -0.1 -1.7 -4.6 -4.7
SEPARATIO2N AN4LE( 0AEE#. 1kLLATIV4t. TU NOSE VELOCITY

eABVE .,........ oooooos 6.4 44 ** 44
WELO. ............. ***9 4.6 4** *00*4 *

C.G. VEL. V-CCMP. N/I 9. 6. -1. -Ci -6.
COJEFFICIENTS OF CUUIC POLYNOMIAL/bTANOARO DEVIATION
OeI12?E 00 Qo95b60E u1 -0a~l6GL G4 Cji.lI61E 05 / 0.0006l (Ml

CoG. VEL. X-LOMUP. (N/5): 215. Isle 138, 89. 77.
COEFFCIviNis OF cuuic POLYNOMIAL/bTAND.AkO DEVIATION
-0.1222E v0 Ookk~o4E 03 --;*1693E 05 v*6605£ U6 0' 09O~C64 (M)

PGiNGELET DRAG CL#EFF. - 1.734
VO .ý15@, STAN~a. 1)eVZA. a vo4526 (U)

C.G. VEL. A-COUP. (N/5): 215. 185. 135. 97. 69.
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FH4 9Q 4 9t MAY* 1976. NO. 3

SANL: WET*D. O ITY:itU5Q* KIM.*3; APPROACHING VELOCITY:45.MC
PAOj.cXTILE: HOLLOW jTtP-TILAMASS'-.o422U KG. Qmu3.02 Me L-09238 0

A-PAY STATION o.....ao. Huai1 NO.2 N093 "064 moos

TIME (SECOND) ........s c.uv0146 *oOUvQ o001706 .002So~0 .0~J4S54
CLENTLA OF GRAVIlY POUITION 404b

HLRIAONTAL .......... -1.jow5b 18.213 0.577 00885 1.174
VERTICAL ............ 401.21, 18.224 Q9136 90137 0.135

INCLINATION ANGLE(LEGJ. O* .0 *0*@$ -3.0 -3.0 -*2.
SE6PAkATI1MN ANGLAE(AGE"E)
ABCVE ............... 00* *000 7.0 2.00 0*
BLLOW oeeeeeee.oe ..~oo 11. lC 7.0 *0

NOSL 6IDTH (M ON tIL.M). 0GoU60 000000 V.0230 090235 090220
NOiSE POSITION (NJ

HCRIZUNTAL ...... Ga054. kbsk3l 0.882 0.990 1,279
V~kI4TCAL o *.......... 4.121 1801411 U9.130 0.132 0.131

INPUT NOS4 POSITION tMS
NGALUtNTAL .......... 0.054 0000S* uo704 1*017 1.293
VENTICAL o**......... -. 9.Q97 $000otp -0.06? -0.085 -0.08?
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-#h*T ýv (4 % M AV* A1ý76t, NO* 4 b

SANC'.m-UI-i ULNS I Yv:1I towLp KG/M**.... AP'Jk4d.ACt1IN.. VfLJCITY: e-s,. ml
PKOjtCT1Lk.: H-C~LL4dw. b)I'-i7.~ K~o Dze-r Mo Lz.*&dJt M

A-MAY STATIChiN **...*..* N.LoI Nb *2 No. J .39 N u..4

T IME 4 ShCUND ooo * * *~e . a Uko b4o #;. I ww. o # vi31.)o 1Sk ., 6. 55

CLNTLk OF IJPAV:TY dPUzPTLN AMP

INcLZNArI(.N ANGit4iotG)a d o t.o o co5 3o -0.5 -3
bEW'AkATION ANGLk~L(UL(A6,EE I

NOSE PO.;i IT ICf A M)

VLATZCAL ooooo.oo 4 1%b.. ~ * o a ~I I Gal I I L.II11
INPL.T W4EJ P05S11 IwrJ AM)

NOSE VELo Y-COM5k. (W/b): 90 6. 2. -Go. to
CiýEFFIC1£ENTS OF CQJLIL PULYLNUiMAL/:2TANDAhUL OLVIATION

u. b4 Q:I Q*9017L iso1 Q4gj&~ 4o*~.1771k. C6 / ;oo4th.G1 AMP

NOSE. VeLL. X-COA01-o 4M/bh: l~o ~190 24g.. 2C4 o 1C06
fCOEFFZCIENTS OJF CUabLC P(.LVN#.oMJAL/S;TAi'iL)AkUL OEVIATIJN

40e otb2E-02 0.1us~.ba i,J jodQ, (d* -i;os1Ji:L 07 / U*C15L . M I

bEPA~AAT ON ANjt L)~~~i oWLAT IVE TU NO.S VELOCITY
AbQVL o..oooo..oo.... *.e 404 *0 0 14.1

COL16FIC1ENTS (iF CuolC PLYNL-MiA./.,STIýNLýArd DEVIATION
0ocP689L-01 JoUti1%ý ýol -i,.hllbt. 04 k;.7vl*E i5 / Oos;4or5 (M4)

CoG. VELo X-CO14P. l4,piD 19i* 0.196 236. ;ea4 0 11 I~6
COEPF1I1t:NTS OF CW31C. PLLYNGMIAL/iTANUARL, OLVIATIUN

.ko0 v I I- U .. ,A4jA4E %0.) iý.2auaid Los -Q.3145ih 07 / Go.JI50 ((41

PONCLLET ORA(, Cu.LF'F. ow
VO 14 £2. SvAN~ooidtUVIA. x 4o*699L# AMI

C*G. VEL. A-COW.-* (M/.-b1 19g. I9d 1~ f'2.o 192. 192.
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APPENDIX B

DERIVATION OF FOKCES AND MOMENTS ON A
RIGID BODY IN A SOIL MEDL,.-I

The purpose of this section is to develop the expressions for the
forces and moments applied to a projectile in a soil medium. The forces
are represented by Fx, Fy and F. along a body fixed set of axes x,y,z with
the origin at the center of mass of the vehicle. The moments are about
the x,y and z axes and are denoted L, M and N respectively and the velocity
components are designated U, V, W re.-pectively. It is assumed that the
force exerted by the roil on a differential surface area c! the body is of
the form

~dF . (A +B Iu I+c u 2)nxi

+ (Ay÷+By( V+CyV2 )lnyJ

+ (Az÷+B zW+CzW2 )nzk , (B-I)

where n ,n ,n are components of the outward unit vector n normal to the
surface f he body. The force is assumed to exist only when the velocity
is directea toward the elemental area. The flow is assumed to be separated
from the body aft of the nose.

The nrde shape that is treated is conical, with nomenclature as shown
in Figure H-1. In the cylindrical coordinate system the equation for the
surface of the conical nose is given by

LN

The unit vector normal to the surface of the nose is

n - Sin y i + Cos y Cos BJ + Cos y Sin Sk. (B-3)

The area of a differential surface elemen. is giv.n by

dA - p dx d8 (B-4)
Cosy

The inertial reference frame x'y'z', a rectangular Cartesian system,
is choser with x' perpendicular to the sutface of the target and pointing
inward ind y' and z' chosen in any convenient direction. In order to write
the equation of the target surface prior to impact, in the body fixed axis
system, a coordinate system xlY 1 , Is chosen oriented parollel to the body
axts system but whose origin s coin'cident with that of the inertial axis
system. The equation of the target plane in the inertial system is x' - 0.
Using the Euler transformation matrix introduced ir Section VI the relation
between the primed and sub-one system can be written aa
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Y " (B.-5)

This yield

x' T 11X1 + T12yI + T1 3  - 0 (B-6)

where
Tl - Cos T Cos 0

T12 " Cos T Sin 0 Sin #-Sin Y Coo

T13 ' Cos Y Sin e Cos #+Sin V Sin * .

Equation (B-6) can be written in the body axis system by a simple translation

x x ++d

y "Yl (B-7)

where d is the distance from the body axis origin to the inertial axis origin
and is

d - V(x')2 + (y) 2 + (z,) 2

Substituting Equation (B-7) into Equation (B-6) results in

Tllx + Tl 2 Y + T1 3 Z - Tlld , (B-8)

the equation of the target plane in the body axis system. It Is convenient
to write this equation in a cylindrical body axis system as shown in Figure
B-I.

T11x + T1 2 PCosO + T1 3 PSinS - T11d. (B-9)

Consider the case where the nose has impacted the target and is partially
immereed in the soil as shown in Figure B-2. The locus of the intersection
of the nose and the target plaite will be given by the simultaneous solution
of Equation (B-9) and Equation (B-2) which yields

Tji -(r/LN);[T, 2 Cos8 + T 1 3 Sin B]

T11 -(r/L,)[Tl 2 COsB + T1 3 Sin 0] 1 ',y',z',Y,6,* 1 0). (3-10)

Using Equation (B-i) the differential force in the x direction becomes
dFX - (A + BIlUI + C U2)n dA
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end realizing that a positive value of U will produce a negative force
on the projectile, this force is rewritten as

dFX " TU (A x+B xU1+Cx U)n x dA

By using Equations (B-2), (B-.3) and (B-4) and !r---- tany the above expres-

sion may be written as

dF. - - -(A +B 1U+C U2 ) (r/L.)2 (-x) dx d$

mand upon integration, yields

FxM- U(xBIIC-U2 2f;X dx dO"Fx--
where the limits for the integrals are chosen so that the integration is
over the portion of the submerged area having a velocity component toward
that surface. The integration with respect to x tr performed first. The
upper limit for the x integral is simply R. The lower limit for x is a
bit more complicated'as shown by Figure B-3 which shows the x-z plane Oar
a case where '. -0 -0. As long as the projectile has not penetrated very
far the lower limit is simply given by the equation of the intersection of
the cone and the target plane, that is f, of Equation (B-10). As shown in
Figure B-3 when the penetration reaches the base of the nose this limit is
no longer correct since integration where x < L1 gives a contribution over
the dashed part of the cone that does not exist. For this reason the lower
limit becomes fl, unless fI < L1 in which case the lower limit becomes L .

The limit on the 8 integral will depend upon the magnitude of the
angle of attack, a given below, as compared with the cone half angle Y. If
the angle of attack is less than y the limit will be from 0 to 2w. This
is expressed as

a aCos <li ]Y vitan l~

To summarize

F T7 (A+BxIUI+CxU2)(-x> dx d ,(B

for a<y and for •>•.>L 1 . For the case where a>y one side of the cone will

be blanketed and hie a integral will be integrated only over 180 degrees.
In order to determine the proper range of 0 consider the y-z coordinates
(x into the plane of the paper) as shown in Figure B-4. The V and W
components determine the projected or wetted area in contact with the soil.

Let St tan- 1, and limits on 8 aill be + - radians from the angle 6
tV - 2 t

or from- + 6 to L + 6 . Collecting this we write
2 t 2 t

Fx- T- 1 (Ax+3~ 1U14-CXU ) ~ i r I ( ,cx) dx dB (B-12)
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for

U>'., i"fl!Ll and V>O

Ii V<O a different set of limits on B are applicable. In this case

3w
2r 2  =B-136

F U inr (AX+BxIUI+Cx 2 LJ .2 - d13

for a>y, x>f1>L, and V<O .

Once the nose has penetrated so that It is totally submerged the force
becomes

2

FxM - (A +BJUJ+C U (B14

where n - 1 for a<y and n - 2 for a>y

In developing expressions for Fy and F the velocity componentr In the
y and z directions would be made up of a velocity term due to translation
plus a teran due to rotation. Specifically, for a point on the axis of
sywmetry the velocity component in the y direction is V + Rx and the velocity
component in the z direction is W - Qx. If these velocity terms are used,
the angle 6t becomes a function of x, namely 6t - tan- [(V+Rx)/(W-Qx)].
Since 6t appears in the limits of integration with respect to 8, these
limits now become functions of x, and the integration is extremely cumber-
some.

One approach to this problem is to treat the two velocity terms separ-
ately and add the resulting forces. This neglects the cross product terms
2VRx and -2WQx in the velocity squared terms of the differential force in
Equation (B-l). Another approach would be to sum the two velocity termas
first and replace the longitudinal integration with respect to x by
integrations over several strips of finite length Ax. Then aum these
segmental integrations to obtain the resultant forces. Only the first
method is presented here, and further consideration of this problem is left
for later research in which the possiblity of modifying the assumed force
law should also be considered.

The zxpression for F is written as the sum of two parts. The first is
due to translation, (F )T•o and is obtained in a manner similar to the
detailed procedure outyi~ed above for F and the other is a component ofI
force due to a rotation rate R radians per second about the z--xis. This
component is denoted (F ) r. The rotation rate will give the differential
surface element a velocIty componert in the y direction equal to Px. This
component is treated in the same manner as the translational velocity V -n
order to determine the Fy that it produces. The results are as follows:

F - (F + (B-15)
"y y (Fy)r
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( - T-VT (A +B yIVI+ C V' [v f~: (x-LlG dx CosO d$ (B-16)

for V>O and x>fl>L1 . For the case where V<O the limits on the 3 integral

become M + 6 to + +t.

(Fy)r . .-R rr + r (A +B xR +C yx R 2  (;-x) 4x CosB dB (B-17)yKrI!+6 5f >L.I 2 C 1- 1
for R>O, x >f 4_1 and 6r - tan lR For R<O the limits on the B integral

become .T 1  t

Once the projectile has penetrated so that the nose is totally submerged
the lower limit on all of the x integrals becomes L

In a similar manner F. is composed of (Vz)T and (Fz)r.

Fz - (Fz)T + (F)r . (B-18)

Where

F]i~ (Az+BzWi-.zW2)f fW (x-x) dx Sin 0 d8 (B-19)

- r6 t f l>_Ll

for V>0 and x _>fl L For V<O the limits on the 0 integral become

146t to -2+ 6t.

The component due to rotation is

(F) z4 -r (A +BxIQI+-cx 2Q 2 )(;-) dx Sine, dO (B-20)O
ri•+6rf

for R>O and i>fl>L1 . For R<O the limits on the B integral become

26r 2 r

Once the proje-tile has penetrated so that the nose i3 totally submerged
in the target the lover limit on the x integrals becomes L1 .

The moments follow from the fact. that there is a force on the
differential elemcnt of areA which is located a distarce x from the center
of mass. See Figure B-6. The force dFy applied to the area dA will
produce a moment asout the z-axis, denoted N, whose magnitude will be x dVy,
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The moment N will be made up of two parts, one due to translation, (N).
and one due to rotation rate (N)r.

N - (N)T + (N) r (B-21)

The results for (N)T are as follows:

1!

"(N) - (A -2x(-X) dx CosO dO (B-22)

2 t~fl1ýL

for V>O and _>f1 >Li. For V<O the limits on the 8 integral become

2+ r to 2 .

The values of moment due to rotation rate are

r 12 r 1

Sfor R>0 and >f,>L_ . For R<O the limits on the B integral become

2 r to r.

When the complete nose is submerged in the target the lower limit on the x
integrals becomes L1 .

In a similar manner the moment about the y-axis,

H - (M)T+(M)r. (B-24)

-44-

(M)T - W F (A+BIWi+cW2' f x(;-x) dx Sin$ dO (B-25)
(MT TW (^+ ziw~ tf

ý+_ $'t "f!fLl

when V>O , ;>f1 ll,. For V<O the limits on the S integral become

1 31
to 2+6t.

)- r (A +B xIQI+CX2 2Q (i-x) dx SinS dO (B-26)

2 r
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vhen R>O , .fl>L For R<O the limits on the 0 integral become

2 r to2 !r

When the nose is completely submerged the lover limit on the x
integrals becomes L1V

Under the assumptions of this force model the moment about the x-
axis, L, will be equal to zero for reasonable angles of attack and
obliquity.

II
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Figure B-1. Nomenclature and Coordinate Systems

Center of Mass

FueSubmerged Portion ofS~Projectile

4'
d J#!

Ground Plane

Figure B-2. Partially Submerged Projectile
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Plane of Intersection of Target and Projectile

z

Figure B-3. Schematic Showing Plane of Intersection of Target
and Projectile

Figure B-4. Range of Angle B Shown in y-z Plane
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APPENDIX C

1. LISt OF CCIPUTER SYM•OLS
AX Force coefficient, A

A
AZ Force coefficient, A
BXAZ Force coefficient. BA

BA Force coefficient, B
BZ Force coefficient. BY

BZ Force coefficlent, B

CD Drag coefficient, CD

CMX x coordinate center of mass

Off y coordinate center of mass

O4Z z coordinate center of mass

CX Force coefficient, Cz

CY Force coefficient, C

CZ Force coefficient, Cz

DT Print time frequency

D7=AX Maximum integration time

DTMIN Minimum integration time

FIN MIMIC finish statements

FX Total force component x direction, FP

FY ital force component y direction, V.

FYCO Force component y direction for cone only

FYCY Force component y direction for cylinder only

FYRE Force component y direction for hemisphere only

FZ Total force component z direction, FP

TZCO Force component z direction for cone only

FZCY Fozce component a direction for cylinder only

FZKE Force component z direction for hemisphere only

RDR Output headings

IT MIMIC intcgration symbol

IXX Moment of inertia, IW

IYy Moment of inELtia, Iyy

KlK2,K3 ConstaL:ts used to select proper force terms

K4,X5,K6 Constants used to select proper mowent terms

L Total applied moment about x axis
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LCO Applied moment about x axis due to cone only

LCX Natural logarithm of Cx

LCY Applied moment about x axis due to cylinder only

LHE Applied moment about x axis due to hemisphere only

LNCY Length of cylinder

LMCO Length of nose cone

M Total applied aoment about y axis

MAS Mass of projectile

MCO Applied moment about y axis due to cone only

MCY Applied moment about y axis due to cylinder only

MHE Applied moment about y axis due to hemisphere only

N Total applied moment about r axis

OUT Output to be listed

NCO Applied moment about z axis due to cone only

NCY Applied moment about z axis due to cylinder only

P Rotation velocity about x axis

PD Rotation acceleration about x axis, P

P1 Universal constant w - 3.14159

PHI Euler angle

PHID Euler angular velocity,

PHIO Initial Euler angle, *0
PO Initail rotational velocity, Po

PRESU Pressure exerted by velocity U

PRESV Pressure exerted by velocity V

PRESW Pressure exerted by velocity W

PSI £uler angle,*

PSID Euler angular velocity,

PSIO Initial Euler angle, *o

Q Rotational velocity about y axis

QD Rotational acceleration about y axis, Q

QO Initial angular velocity about y axis, Qo

R Rotational velocity about z axis

RAD Radius of cylinder, base of nose cone, l.emisphere

RD Rotational acceleration about z axis,

RO Initial angular velocity about z axis, R0

T Time
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TERM I-U/Uo

TH Euler angle 0
THO Euler angular velocity,

THO Initial Euler angle, 00

U Velocity relative to x axis

UD Acceleration relative to x axis,

UO Initial velocity relative to x axis, Uo

V Velocity relative to y axis

VD Acceleration relative to y axis, V

VO Initial velocity relative to y axis, Vo

W Velocity relative to z axis

WD Acceleration relative to z axis, W

WO Initial velocity relative to z axis, Wo

XP x' axis

XPD Velocity relative to x' axis

YP y, axis

YPD Velocity relative to y' axis

ZP z' axis

ZPD Velocity relative to z' axis

2. INTRODUCTION

The necessary format and language for programming is contained In
Control Data Corp. reference manual entitled Control Data MIMIC and only
the details for datainput are included here. All input data either con-
stants (CON) nr parameters (PAR) are placed at the end of the program and
correspond exactly to the manner in which they are called for by the CON
and PAR cardo preceding-the program. Details of input data are shown for
Computer Program II.

In the first case shown, Computer Program I, the force coefficients
Ax through C. are assumed to be independent of the velocity terms, there-
fore all these values are shown as parameters. However, in the second
case, Computer 'rogram II, the value of Cx is then given a varinble status
included in the body of the program.

Parameters KI through K6 are used to select forces and moments depen-
ding on type of nose cone used as well as the option not to use the forces
and moments on the after body. These parameters take on values of zero or
unity and are defined as follows:
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Confi&U-ratiofl KI K2 K3 K4 K,5 K6

undr nl, ll omns a-~ 0 0 1 0 0

Cylinder plus cone, all moment& and

forces 
I__ 

_ _ _ _ 1 0

Cylinder plus cona, only nose moments

and forces 0 L 0 1 0- 0

Cylinder plus hemisphere, all moments

and forces 1 0 1 0~ 1

Cylinder plus hemisphere, only nose

Imoment and forces 0 0 1 -0 0

3. COMPUMT1 PROGRA.M I

CCN(~ r,O4T,1N,OT4Afl)
PAR( Ax, dXvC~ ,AY9,BY CY)

P A- (M 'I xj Y LN LR i Ary "
F Ak (U-if4 j u FU' (),Z0

FAWAPH U [,PS IQuXPCI;YPR
FAR(KIM91&39K3 idK Kfj

SOiL PENETWA.kUt -- CLIPLEIELY SLSME'Gt:U

J'iCF iERMS

P LSi U (AA* , ~A 3S (U) ,(;X *U*U)#U/ AJS ( U)
Of ES6 - (AY +UY AtS ( V )CY*V*V) 41VI/A'3 ( V)

n$E - (AZtjL* S( W) CZW* W) */A63 5 ( )

FX F I-PAC*Pr)*RE.)U
F'ICY j *ýV 4qtPR SV
FZCY *iRAwL-40*.P' SW
FVsC4) k 4Qý L N;jo ES V
F Z tw RAJ;Lt4C*PRE SW

F YHE F; 1: A C* KAU*PRE V/2
FZHE F1 Ar*.%404PRESW
FYKI*FYCYPKFYC+K34F

FZ K IF Z(CY 2 F ZCO+K3 'F z ý
?1U4E.I T-=Rt'S

L6CY KkV(ZCY*CI1Y..FYC~V*CmZ)
6ca K5*#FCCOCMY.FVt.U*CMZ)
6hi Kb' IFZtIE#CMYIFVH (; 2)

ACY K*ZCY#(C1X-LNCY/2?.)
Aca :K5*FzCfl#(AX'Z.*LNC0/

3 ,)
4"t K6*FZHE*(C*IX -5oPAC~/6

~4CY 4FYY XLNV?)
4C U KS^FYC4J*CCMX-e. *LF48O/3.)
~4HE KE*F~VrE*CCMX 5:,RA /b.)
L L EY*LCO0.~Hf
I H Y+MLdJ*I$E:FXO iIZ
N NCYNCU*+$E Fg* My
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FO~gE ECUA?j6N~SgR.

40 Y/14 A 5-P lU+*P'W

V XTh~VC9V0)
WO F I/ A S-F*V~tl*U

MM01ENP EQUA IONsj

GO Mitvv' V-"Pl (I XX-IYY)/ ivy
IN (Ot. 00)

CULLi ANiGLE kLQUA110'4S
PHLJal F~u*S!fN(P'~.)*SIN(TM)/COtNdTe)
PH IU2 R -CUS (PHI) SIN ( TI) /Co S(TH)

WHLO PMhaJI.p"102

TmJ J7PH)(SN(PIII)

PSL3 0ISIN(r'HI)/U0S(TH)+*RC0S(PHl)/CQSCTN)
PSI 1147 (P4Ijf?SIO)

,kNE#%TlAL FAqAPE EUUA IONS
EPAl U'CUS (Pt.I)*COS (TH)

iSJ ,tt~(s)6INT)C P ) .SIN(Fi )*SIN (PHI))

XF I lT (Xiar ,PO)
Y F 01 UO(SI?4('SI)*COS(Th))
YPO? V (SitlF SIJ SIN (TH)*.,If4(PHjti+CO S (PS )CJS (PnI)
YPJ3 W4' tolN(P I)*SIN4(TH)*CUJS(,JtI) -CO)S(ýSX)SIN( HDl))

Vp IN?(VPt YPO)
ZF3 1j SI f ro) +V *(C3~(t fl)SINtPHI)) +W*(COS (TH)0CwjS(PHI)

Zp ~I NTC Z FD 9ZPO)

m .;%( i VP.), XP)
OUT CToXFJ XP)

ENO

4. COMPUTER PROGRVI3 11

CCNL V CTnMT?,c 27 RG "A_______X_______
P A ;C t~4b,4s-po .rr,,zp

SOI P~E~FI~tf -- cz(EVSL4PE __F R LK LNCOI
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FORCE TERM~t

LCX le l.*i *LOG(U)
cx E)P(LCX)

FX FI*RAO'RA04,RESU

FCY 2 .;RAr,*LNCY'PRESW
FYCO FA*OLNCO*PRESV

FYHE *RQROPfVZ
FZHE PX*RDO*RAOl#PRESbi,2.

FZ KIFC+Z*ZOK*Z-

LO kc,*FZCO*CMY-FYCO*CMZ)

fICY K~FZGR~j~IX:LHC/.iý0 :95 FZCO' NX-2.' 0/30_______

~4~Y K4F*VYCY'(cMX- NCY2q)

NHE KE*FY9wE* ((tM-5,jRAO/8*)
L LCY*LCO .LHE

N NEY+tNCO+NHE-FX*CtlY
FORCE ECUAII NS

u INT ILotUO)

V.~~ IýT (VCVO)
WO F Z/ND S-PýV+*OU

IMO'IENT. EQU~l 0N'S-'

QO N.4fYY+00PO(IXX-IYY)/IYY

PIiii P4O'S(PHZ)4'S!N(TH) CO(TH)
PV 1 2 *S(P~pjj*S!N(THIICO S THD

PHI XNT(P'ID PHIO)

PS!O ales h(PAII/COS (TII) R'COS (PHI) /COS (TM)
Pi-l
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INERTIAL FFAlof C U1Os
X~nI LICOSIPS) CONS(THMII~

YPOI ~~ U(SR-w( -, "m " Mt9)
Ti--

XP03 o II'(IH.V(OSTP)sINPI).*(O"N ~ CS(N
7H 0's~fo "HI "~ '',PI

vjD wg i *Xpn24,xP, C
4jPP -NT_ _ _

ypol ls(Sht S)*CC (2H)

vpee v~lj9p Ps 1



5. IIT DATA FOR C(OMPUTER PROGRAH II

DT - 5.0 x 1O"4 U0  4.06 x 4O4

DThIN 1.0 2 10-5 Vo 0.0

DTMAX 1.0 x 10-3 w0 0.0

AX 0.0 PO 0.0

BX 0.0 Q0 0.0

AY 0.0 RO 0.0

BY 0.0 PHIO 0.0

CY 0.0 THO 0.0

AZ 0.0 PSIO 0.0

BZ 0.0 XPo 0.0

cZ 0.0 YPO 0.0

MAS 5.44 102  ZPo 0.0

Mi 2.687 x 102 i 1.0
4

MTT 2.317 x 10 K2 0.0

CQX 1.127 x 101 K3 0.0

C(Y 0.0 K4 1.0

cmz 0.0 K5 0.0

LNCY 2. 254 x 10 K6 0.0

LNCO 0.0

RAD 0.992

2
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